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FIRST EXAMPLE (QTHER THAN CLADDING MATERIAL + REFERENGE)
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GLASS BONDING MATERIAL AND
MULTILAYER GLASS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of PCT/JP20135/083817,
(Glass Bonding Material and Multilayer Glass, Dec. 1, 2015,
Masayuki YOKOTA, Ryoj1 INOUE, Yoshiharu TSUBOI,
Masaharu YAMAMOTO, Masaru FUIIYOSHI, Naruaki
TOMITA and Kouji KAWAHARA.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a glass bonding material
and a multilayer glass using the glass bonding material.

Description of the Background Art

Conventionally, a multilayer glass in which a plurality of
glass plates are bonded with a gap therebetween 1s known.
Such a multilayer glass 1s disclosed, for example, 1n Japa-
nese Patent Laying-Open No. 2002-12453.

In Japanese Patent Laying-Open No. 2002-12453, a mul-
tilayer glass 1s disclosed, in which two glass plates are
opposedly arranged with a predetermined gap therebetween
and the enftire circumierence of the peripheral edge part
(sealing part) of the two glass plates are bonded by glass frit
(Iritted glass). In the multilayer glass described 1n Japanese
Patent Laying-Open No. 2002-12455, 1t 1s configured such
that an exhaust port for setting the gap to a low pressure
space 1s formed and a glass plate surrounding the exhaust
port and a round plate made of an Al plate, a 426 alloy
(Fe-42N1-6Cr alloy) plate material, or a 50 alloy (Fe-50N1
alloy) plate material are bonded together via fritted glass to
seal the exhaust port.

However, 1n the multilayer glass described in Japanese
Patent Laying-Open No. 2002-12455, 1n cases where the
heat 1nsulation property of the multilayer glass 1s improved
by increasing the degree of vacuum of the gap (further
lowering the pressure), a large temperature diflerence occurs
between one surface side and the other surface side of the
multilayer glass. As a result, 1t 1s considered that the degree
of thermal expansion between a glass plate on one surface
side and a glass plate on the other surface side greatly differs.
For this reason, due to the fact that a large thermal stress due
to the large thermal expansion difference between the two
glass plates 1s applied to the iritted glass arranged at the
outer peripheral portion, there 1s a problem that cracks,
breakages, etc., may occur in the fnitted glass.

SUMMARY OF THE INVENTION

In view of this, 1t has been considered to reinforce the
sealing part by arranging a deformable metal member at the
sealing part of the outer peripheral edge portion to absorb the
generated stress. The inventors of the present invention
considered to use an Al plate arranged at the exhaust port as
described 1n Japanese Patent Laying-Open No. 2002-124335,
or a low expansion plate material having a small thermal
expansion difference with glass, which are thought to be
high 1n adhesion to glass, as a metal member to be integrated
in the sealing edge part (sealing part), that 1s, as a reinforcing
member. However, the present inventors have found a
problem that when an Al plate and fritted glass are bonded,
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2

a large thermal expansion diflerence occurs between the Al
plate and the fritted glass or the soda-lime glass plate due to
the large thermal expansion coeflicient of the Al plate, which
may cause cracks, breakages, etc., i the fritted glass due to
the large thermal stress due to the thermal expansion dif-
terence. Therefore, 1n cases where Iritted glass and an Al
plate are bonded over the entire circumierence of the outer
peripheral edge portion 1n order to remnforce iritted glass
arranged over the entire periphery of the outer peripheral
edge portion, 1t 1s considered that cracks, breakages, etc., are
more likely to occur 1n the fritted glass since a large thermal
stress caused by a thermal expansion difference 1s applied
over a wide range due to the arrangement of the Al plate 1n
a wide range.

In addition, the present inventors found the fact that when
a low expansion plate material such as an Fe-42Ni1-6Cr alloy
plate material or an Fe-50N1 alloy plate material and iritted
glass are bonded, the peeling strength (peel strength)
between the Iritted glass and the low expansion plate mate-
rial 1s small, causing a problem that the low expansion plate
material 1s likely to be peeled ofl from the fritted glass. For
this reason, incases where Iritted glass and a low expansion
plate material are bonded over the entire periphery of the
outer peripheral edge part for reinforcing the initted glass
arranged over the entire circumierence of the outer periph-
eral edge part, 1t 1s considered that two glass plates cannot
be bonded sufliciently because the low expansion plate
maternal 1s likely to be peeled off from the intted glass.

The present invention was made to solve the atoremen-
tioned problems, and one object of the present invention 1s
to provide a glass bonding material having a configuration
capable of suppressing peeling of a glass bonding material
from glass while suppressing the occurrence of cracks,
breakages, etc., in the glass due to the glass bonding material
regardless of types of glass to be bonded, and also to provide
a multilayer glass using the glass bonding material.

As a result of earnest investigations to solve the afore-
mentioned problems, the inventors of this application have
found that the aforementioned problems can be solved by
the following configuration. That 1s, the glass bonding
material according to the first aspect of the present invention
1s made of a cladding material 1n which at least a first layer
made of an Al-based alloy and configured to be bonded to
glass and a second layer made of an Fe—Ni based alloy
having a thermal expansion coeflicient from 30° C. to 400°
C. of 11.5x107° (K™") or less are bonded. Note that the
“Al-based alloy” includes not only an Al alloy but also pure
Al of A1000 series. Also note that the “Fe—Ni based alloy™
includes not only an Fe—Ni1 alloy but also an alloy con-
taining an element other than Fe and Ni, such as an Fe—
N1—Co alloy, an Fe—N1—Cr alloy, and an Fe—N1—Co—
Cr alloy.

The glass bonding material according to the first aspect of
the present mvention 1s, as described above, formed by a
cladding material having a second layer made of an Fe—Ni
based alloy having a thermal expansion coetlicient from 30°
C. to 400° C. of 11.5x107° (K™") or less. Therefore, the
thermal expansion of the first layer made of an Al-based
alloy 1s suppressed by the second layer made of an Fe—Ni
based alloy having a thermal expansion coeflicient from 30°
C.to 400° C. of 11.5x107° (K1) or less, which is generally
lower 1n expansion than an Al-based alloy. This makes it
possible to lower the thermal expansion coetlicient of the
entire glass bonding material, which 1n turn can suppress the
occurrence of cracks, breakages, etc., in the glass. Further,
since the glass bonding material 1s formed by a cladding
material including a first layer made of an Al-based alloy and
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configured to be bonded to glass, the separation of the glass
bonding material from the glass can be suppressed. Note that
the eflects have been confirmed by experiments. As a result,
it 1s possible to suppress peeling of the glass bonding

material from the glass while suppressing the occurrence of 3

cracks, breakages, etc., in the glass. Further, 1n the cladding
material in which at least a first layer made of an Al-based
alloy and configured to be bonded to glass and a second
layer made of an Fe—Ni based alloy are bonded, since
atomic diffusion, compound formation, etc., occur 1n the
region where the metal layers (first layer and second layer)
are bonded to each other, the bonding between the first layer
and the second layer becomes stronger as compared with the
case of bonding the first layer and the second layer by simple
adhesion, etc. Therefore, 1n the glass bonding material made
ol the cladding material described above, since the first layer
and the second layer are not easily peeled off, even when the
inside of the multilayer glass (gap between the glass plates)
1s lowered 1n pressure into high vacuum, the sealing property
at the bonded portion of the first layer and the second layer
1s not impaired, resulting 1n a glass bonding material suitable
for maintaining the sealing.

In the glass bonding material according to the first aspect,
it 1s preferable that the Young’s modulus of the cladding
material be 110 GPa or less. With such a configuration, it
becomes possible to make the glass bonding material made
of the cladding material elastically deformable. Here, the
distance (distance L shown in FIG. 10) in the direction
parallel to the bonding surface between the peeling starting
point (the bonded end portion 6005 shown 1n FIG. 10) when
the glass bonding matenal starts to detach from the glass and
the portion of the glass bonding material (the bent deformed
portion 600c shown i FIG. 10) to which a vertical load
shown by an arrow 1n FIG. 10 1s applied becomes shorter by
the elastically deformed amount of the glass bonding mate-
rial. That 1s, the distance L. shown in FIG. 11 when the
Young’s modulus of the cladding material 1s small becomes
shorter than the distance L shown in FIG. 10 when the
Young’s modulus of the cladding material 1s large 1 a
direction parallel to the bonding surface, and therefore the
stress applied to the peeling starting point can be reduced.
This 1s based on the finding of a new phenomenon that when
the adhesive property indicating the substantial bonding
property 1s the same degree, the material smaller 1n Young’s
modulus gives a higher strength in measuring the bonding
strength (peel strength) 1n a peel mode (a mode 1n which the
glass bonding material 1s peeled ofl from the glass bonded
to the glass bonding material starting from the bonded end
portion of a bonded surface as the peeling starting point) as
one method of evaluating the bonding strength between
glass and a glass bonding material. As a result, possible
peeling of the glass bonding material from the glass can be
cellectively suppressed.

In the glass bonding material according to the first aspect,
it 1s preferable that the first layer be bonded to soda-lime
glass via Iritted glass as glass and a thermal expansion
Xx107° (K™") from 30° C. to 400° C. of the cladding
maternal satisfies a relationship of 7.5x11.5. With this con-
figuration, the glass bonding material made of the cladding
material becomes to have a thermal expansion close to the
thermal expansion coeflicient (8.5x107° (K™')) from 30° C.
to 400° C. of soda-lime glass or iritted glass, which makes
it possible to suppress the occurrence of cracks, breakages,
etc., 1n the Intted glass between the soda-lime glass or
soda-lime glass and the glass bonding material.

When heat-bonding the glass bonding material and the
soda-lime glass via the fritted glass, they are heated to a
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predetermined temperature and then cooled. During the
cooling process or after the cooling process, in cases where
the thermal expansion coeflicient of the cladding matenal 1s
larger than the thermal expansion coetlicient of the soda-
lime glass, a force acts on the soda-lime glass in the
compression direction due to the thermal expansion difler-
ence between the glass bonding material made of the clad-
ding material and the soda-lime glass. On the other hand, 1n
cases where the thermal expansion coeflicient of the clad-
ding material 1s smaller than the thermal expansion coetl-
cient of the soda-lime glass, a force acts on the soda-lime
glass 1n the pulling direction. Note that glass has properties
that it 1s strong 1n the compression direction, which hardly
causes cracks or breakages, while it 1s weak 1n the tensile
direction, which likely causes cracks or breakages. In the
present invention, focusing on the properties of glass, by
setting the acceptable range of the thermal expansion coel-
ficient Xx107° (K™") of the cladding material in a range

smaller than the thermal expansion coeflicient from 30° C.
to 400° C. (8.5x107° (K ™)) of soda-lime glass to a range

equal to or lager than 7.5x107° (K™'), it is possible to
suppress the occurrence of cracks, breakages, etc., 1 the
glass (especially, 1n the fnitted glass) even when a force 1n
the tensile direction which readily causes cracks or break-
ages 1s applied. Further, by widely setting the acceptable
range of the thermal expansion coefficient Xx10™° (K™") of
the cladding matenial 1n the range larger than the thermal
expansion coellicient of soda-lime glass to a range equal to
or less than 11.5x107° (K1), it is possible to sufficiently
suppress the occurrence of cracks, breakages, etc., 1 the
glass (especially, 1n the fritted glass). Therefore, by selecting
a cladding material, it 1s possible to obtain a glass bonding
material capable of coping with a type of glass to be bonded.

In the glass bonding material according to the aforemen-
tioned first aspect, it 1s preferable that a Young’s modulus of
the first layer made of an Al-based alloy be smaller than a
Young’s modulus of the second layer made of an Fe—Ni
based alloy and that a thickness of the first layer be equal to
or larger than a thickness of the second layer. With this
configuration, the thickness of the first layer small 1n
Young’s modulus can be secured suiliciently, which enables
to make the glass bonding material made of the cladding
matenal elastically deformable. As a result, the peel strength
of the glass bonding material can be improved. As a result,
peeling of the glass bonding material from the glass can be
more suppressed.

In the glass bonding material according to the aforemen-
tioned first aspect, 1t 1s preferable that the second layer made
of an Fe—Ni based alloy be arranged at a position opposed
to a region where the first layer and the glass are bonded in
a thickness direction of the cladding material. That 1s, 1n the
thickness direction of the cladding material, the second
layer, which 1s generally made of an Fe—Ni based alloy
having a lower expansion than that of an Al-based alloy, 1s
arranged at a position opposed to the region where the first
layer and the glass are bonded. Therefore, it 1s possible to
more assuredly suppress the thermal expansion of the first
layer made of an Al-based alloy. With this, even 1n cases
where the first layer made of an Al-based alloy having a
large thermal expansion i1s bonded to a glass member, it 1s
possible to more eflectively suppress the occurrence of
cracks, breakages, etc., in the glass. Further, 1n this configu-
ration, by configuring the cladding material such that a
second layer 1s provided with respect to the first layer like an
overly clad type cladding material, the production of the
cladding material can be made more easily.
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In the glass bonding material according to the first aspect,
it 1s preferable that the cladding material be an overlay type
cladding material of a three-layer structure in which the first
layer, the second layer, and a third layer are bonded, the third
layer being made of an Al-based alloy and bonded to a
surface of the second layer opposite to a surface to which the
first layer 1s bonded. With this structure, since the first layer
and the third layer made of Al-based alloys of the same kind
are arranged on both surfaces of the second layer, it is
possible to suppress the occurrence of warpage in the
cladding material due to the fact that the one surface side of
the cladding material deforms (extends) larger than the other
surface side at the time of producing the cladding material.
Further, the cladding material 1s made of an overlay type
cladding material in which the first layer, the second layer
and the third layer are arranged over the entire surface.
Theretfore, the cladding material can be easily formed as
compared with the ilay type or edge lay type cladding
material in which a layer structure 1s formed only on a part
of the cladding maternial. As a result, the glass bonding
material can be efliciently produced by using an overlay type
cladding material of a three-layer structure as the glass
bonding materal.

In this case, 1t 1s preferable that the first layer and the third
layer have approximately the same thickness. With this
structure, since the first layer and the third layer not only are
made of Al-based alloys of the same type but also have
approximately the same thickness, the warp of the cladding
material can be suppressed. At the same time, since 1t 1S not
necessary to strictly distinguish between the front and back
of the glass bonding member made of the cladding material,
handling of the glass bonding member can be made easier.

In the glass bonding material according to the first aspect,
it 1s preferable that the Fe—Ni based alloy constituting the
second layer be made of 28 mass % or more and 50 mass %
or less of N1, 0 mass % or more and 20 mass % or less of
Co, 0 mass % or more and 8 mass % or less of Cr, the
balance being Fe and inevitable impurity elements. Note that
containing 0 mass % or more of Co or Cr means that Co and
Cr are arbitrary metallic elements and do not need to be
contained 1n the Fe—Ni based alloy. With such a structure,
since the Fe—Ni1 based alloy constituting the second layer
contains at least 28 mass % or more and 50 mass % or less
of Ni, the second layer can be assuredly made to a lower
expansion. Further, when the Fe—Ni based alloy contains
Co, since the Curie point (transition point in the thermal
expansion curve) of the Fe—Ni based alloy can be increased
depending on 1ts content, the thermal expansion coetlicient
of the second layer and the cladding material can be kept
small. Further, the Co content 1n the Fe—Ni based alloy 1s
more preferably 20 mass % or less, which can suppress the
used amount of expensive Co. Furthermore, when the Fe—
N1 based alloy contains Cr, the corrosion resistance of the
second layer can be improved depending on the content.
Further, since the Fe—Ni based alloy contains 8 mass % or
less of Cr, 1t 1s possible to suppress the increase of the
thermal expansion coeflicient of the Fe—Ni based alloy
while improving the corrosion resistance of the second layer.

In this case, it 1s preferable that the Fe—Ni1 based alloy
constituting the second layer contain 4 mass % or more and
8 mass % or less of Cr. With this structure, since the Fe—Ni1
based alloy contains 4 mass % or more of Cr, the corrosion
resistance of the Fe—Ni1 based alloy can be assuredly
improved.

In the glass bonding material according to the first aspect,
it 1s preferable that the Al-based alloy constituting the first
layer contain 99.0 mass % or more of Al. With this structure,
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since 1mpurity elements (for example, Mg, S1, etc.) other
than Al contained 1n the Al-based alloy can be reduced, the
bonding of the Al-based alloy constituting the first layer and
the glass can be further improved. Note that the effects have
also been confirmed by experiments.

In the glass bonding material according to the first aspect,
it 1s preferable that the glass bonding material be used for a
sealing part of a vacuum multilayer glass. By using the glass
bonding material of the present invention for a sealing part
of a vacuum multilayer glass, peeling of the glass bonding
material from the glass can be suppressed while suppressing
the occurrence of cracks, breakages, etc., in the glass to be
arranged 1n the sealing part of the vacuum multilayer glass
where large thermal stress 1s likely to be applied due to a
large temperature difference between the one surface side
and the other surface side of the vacuum multilayer glass
having a high heat insulating property. For this reason, using
the glass bonding material according to the present invention
for a sealing part of a vacuum multilayer glass 1s extremely
ellective.

In the configuration that the Young’s modulus of the
alorementioned cladding material 1s 110 GPa or less, 1t 1s
preferable that the Young’s modulus of the cladding material
be 85 GPa or more and 100 GPa or less. With this configu-
ration, 1t 1s possible to more eflectively suppress peeling of
the glass bonding material from the glass while maintaining
the rigidity of the cladding matenal.

In the configuration 1n which the thickness of the afore-
mentioned first layer 1s equal to or greater than the thickness
of the second layer, 1t 1s preferable that the thickness of the
first layer be twice or more the thickness of the second layer.
With this configuration, the thickness of the first layer small
in Young’s modulus can be secured sufliciently. As a result,
the peel strength of the glass bonding material can be further
improved.

In the glass bonding material according to the first aspect,
it 1s preferable that the second layer be not arranged at a
position opposed to a region where the first layer and the
glass are not bonded but be arranged at a position opposed
to a region where the first layer and the glass are bonded.
With this configuration, it 1s possible to reduce the used
amount ol the Fe—Ni1 based alloy constituting the second
layer while arranging the second layer at a position opposed
to a region where the first layer and the glass are bonded and
assuredly suppressing the thermal expansion of the first
layer in the region where the first layer and the glass are
bonded.

In the glass bonding material according to the first aspect,
it 1s preferable that the Young’s modulus of the first layer
made ol an Al-based alloy be smaller than the Young’s
modulus of the second layer made of an Fe—Ni1 based alloy
and that the first layer be arranged on both the region where
the first layer and the glass are bonded and the region where
the first layer and the glass are not bonded. With this
configuration, while securing the bonding between the glass
bonding matenal and the glass in the region where the first
layer and the glass are bonded, 1t 1s possible to suppress the
occurrence of cracks, breakages, etc., in the glass by reduc-
ing the stress applied to the glass in the region where the first
layer small 1 Young’s modulus and the glass are not
bonded.

In the glass bonding material according to the first aspect,
it 1s preferable that the second layer be arranged on a surface
opposite to the region where the first layer and the glass are
bonded at a position opposed to a region where the first layer
and the glass are bonded. With this configuration, the
cladding material can be easily produced as compared with
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the case 1n which the second layer 1s arranged so as not to
be exposed on the surface of the glass bonding material.

In the glass bonding material according to the first aspect,
it 1s preferable that the cladding material include a pair of
parallel parts provided in regions where the first layer and
the glass are bonded and extending approximately parallel to
a bonding surface of a member to which the glass 1s bonded,
and an inclined portion extending in an inclined state with
respect to the bonding surface so as to connect the pair of
parallel parts. With such a configuration, 1t 1s possible to
casily form a gap between the members by separating the
members with the inclined portion while favorably securing,
the bonding between the glass bonding material and the
member to which the glass 1s bonded by the pair of parallel
parts. With this, for example, 1n using the glass bonding
material for a vacuum multilayer glass, 1t 1s possible to
casily form a gap in the vacuum multilayer glass and
vacuum the gap.

Further, by applying the glass bonding material to a
vacuum multilayer glass, a vacuum multilayer glass having
the following structure can be provided. That 1s, a vacuum
multilayer glass can be provided in which 1t 1s a vacuum
multilayer glass 1n which a gap 1s formed between two glass
plates facing each other, the gap 1s hermetically sealed by
sealing the peripheral region of the two glass plates by the
sealing part made of the glass bonding material and the
fritted glass, 1n the peripheral region, as viewed from the
thickness direction of the vacuum multilayer glass, the glass
bonding matenal annularly formed along the periphery of
the vacuum multilayer glass 1s arranged, the peripheral
region 1ncludes a region to be bonded to a first glass formed
around one of the glass plates and a region to be bonded to
a second glass formed around the other glass plate, and in the
region to be bonded to the first glass and the region to be
bonded to the second glass, both the sealing part and the
glass plate are bonded so that the gap 1s sealed.

The multilayer glass according to the second aspect of the
present invention 1s a multilayer glass formed by arranging,
a plurality of glass plates with a gap therebetween and
bonding a plurality of glass plates by a sealing part, and the
sealing part includes a glass bonding material made of a
cladding matenial 1n which at least a first layer made of an
Al-based alloy and configured to be bonded to glass and a
second layer made of an Fe—Ni based alloy having a
thermal expansion coeflicient from 30° C. to 400° C. of
11.5%x107° (K™) or less are bonded. With this structure,
using the glass bonding material capable of suppressing
peeling from the glass while suppressing the occurrence of
cracks, breakages, etc., in the fritted glass, a multilayer glass
in which a plurality of glass plates are bonded together with
the gap therebetween can be obtained.

In the multilayer glass according to the second aspect, it
1s preferable that the sealing part be formed by bonding the
fritted glass and the glass bonding material. With this
structure, 1t 1s possible to suppress peeling of the glass
bonding material from the tritted glass while suppressing the
occurrence of cracks, breakages, etc., in the fritted glass.
Further, when bonding a plurality of glass plates and the
fritted glass of the sealing part, since the Iritted glass melts
at a low temperature, 1t 1s possible to easily form the bonding
between the glasses and suppress peeling of the sealing part
and the glass plate.

In the multilayer glass according to the second aspect, it
1s preferable that the gap be lowered 1n pressure. With this
structure, 1n the multilayer glass 1n which peeling of the
glass bonding material from the glass 1s suppressed, it 1s
possible to reduce the thermal conductivity in the gap
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between the glass plates, and therefore 1t 1s possible to
improve the heat msulating performance.

According to the present invention, as described above, 1t
1s possible to provide a glass bonding material having a
configuration capable of suppressing occurrence of peeling
of the glass bonding material from glass while suppressing
the occurrence of cracks, breakages, etc., in the glass due to
the glass bonding material while coping with the type of
glass to be bonded, and also to provide a multilayer glass
using the glass bonding material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a vacuum multilayer
glass according to a first embodiment of the present inven-
tion;

FIG. 2 1s a cross-sectional view taken along the line
110-110 of FIG. 1;

FIG. 3 1s a cross-sectional view showing a structure of a
reinforcing member according to the first embodiment of the
present 1nvention;

FIG. 4 1s a cross-sectional view showing a structure of a
reinforcing member according to a first modified example of
the first embodiment of the present imnvention;

FIG. 5 1s a cross-sectional view showing a structure of a
reinforcing member according to a second modified example
of the first embodiment of the present invention;

FIG. 6 1s a cross-sectional view showing a structure of a
reinforcing member according to a third modified example
of the first embodiment of the present invention;

FIG. 7 1s an enlarged cross-sectional view showing a
sealing part of a vacuum multilayer glass according to a
second embodiment of the present invention;

FIG. 8 1s a cross-sectional view showing a structure of a
reinforcing member according to the second embodiment of
the present mnvention;

FIG. 9 1s a cross-sectional view showing a structure of a
reinforcing member according to a modified example of the
second embodiment of the present invention;

FIG. 10 1s a schematic diagram for explaining a peel
strength test (Young’s modulus 1s large) conducted to con-
firm the eflects of the present invention;

FIG. 11 1s a schematic diagram for explaiming a peel
strength test (Young’s modulus 1s small) conducted to con-
firm the eflects of the present invention;

FIG. 12 1s a table showing results of Comparative
Examples of the first example conducted to confirm the
cllects of the present invention;

FIG. 13 1s a table showing results of examples of the first
example conducted to confirm the eflects of the present
invention;

FIG. 14 1s a table showing results of a second example
conducted to confirm eflects of the present invention;

FIG. 15 1s a table showing results of a third example
conducted to confirm eflects of the present invention; and

FIG. 16 1s a table showing results of a reference example
(corrosion resistance test).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Herematter, embodiments embodying the present mnven-
tion will be described with reference to the drawings.

First Embodiment

First, the configuration of a vacuum multilayer glass 100
according to a first embodiment of the present invention will
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be described with reference to FIGS. 1 to 3. Note that the
vacuum multilayer glass 100 1s an example of the “multi-
layer glass™ according to the present invention.

The vacuum multilayer glass 100 according to the first
embodiment of the present imvention 1s provided with, as

shown 1n FIG. 1 and FIG. 2, two glass plates 10q and 105

arranged so as to face with each other with a predetermined
gap S1 therebetween and a sealing member 20 arranged at
the sealing part A (peripheral region) provided at the entire
circumierence of the peripheral portion of the vacuum
multilayer glass 100 for sealing the glass plate 10a and the
glass plate 1056 with the gap S1 therebetween. The length
(distance D1) between the glass plate 10a and the glass plate
105 1n the thickness direction (7 direction) of the gap S1 1s
about 200 um. Also, the sealing member 20 includes an
approximately Z-shaped reinforcing member 21 made of a
cladding matenal, fritted glass 22a arranged between the
reinforcing member 21 and the glass plate 10a to bond the
reinforcing member 21 and the glass plate 10a, and iritted
glass 226 arranged between the reinforcing member 21 and
the glass plate 105 to bond the reinforcing member 21 and
the glass plate 106 together. Note that the fritted glass 224
and 22b each are an example of the “glass™ according to the
present mvention.

The glass plates 10aq and 105 each are made of a soda-lime
glass plate material produced by a material, such as, e.g.,
silica sand (S10,), sodium carbonate (Na,CO,), calcium
carbonate (CaCQ,), etc., and having a thermal expansion
coeflicient from 30° C. to 400° C. of about 8.5x107° (K™).
The glass plates 10a and 105 each are an example of the
“soda-lime glass™ according to the present invention.

In addition, the glass plate 10aq on the Z1 side 1s formed
in a rectangular shape as viewed in the Z direction in a plan
view, and the glass plate 106 on the Z2 side 1s formed 1n a
rectangular shape larger than the glass plate 10a on the Z1
side 1n a plan view as viewed 1n the Z direction.

Further, between the glass plate 10a on the Z1 side and the
glass plate 105, a plurality of spacers 30 for securing a
predetermined gap S1 are arranged. Also, the gap S1
between the glass plate 10q¢ and the glass plate 105 1s
depressurized (reduced in pressure) to a pressure of about
0.001 Pa or more and about 0.2 Pa or less which 1s lower
than atmospheric pressure by, for example, being degassed
(vacuum drawn) from an exhaust port (not shown). As a
result, since a medium for conducting heat 1s poor at the gap
S1 between the glass plate 10q and the glass plate 105, heat
transier 1s suppressed between the glass plate 10a and the
glass plate 105. As a result, it 1s configured such that the heat
on one side of the glass plate 10a and the glass plate 105 1s
hardly moved to the other side. When such a vacuum
multilayer glass 100 1s arranged 1n, for example, a window
of a house, the temperature difference between the outside of
the house and the inside of the house (the temperature
difference between the glass plate 10a and the glass plate
105) increases. However, since it 1s possible to reduce the
heat transter between the inside and the outside of the house
compared with a window using glass which 1s not a vacuum
multilayer glass, the temperature change 1n the house due to
the window can be suppressed.

On the other hand, as the temperature difference between
the glass plate 10a and the glass plate 105 increases, the
thermal stress due to the thermal expansion difference
between the glass plate 10a and the glass plate 1056 applied
to the sealing member 20 increases. Therefore, in the sealing,
member 20, the stress applied to the bonding region R1
between the reinforcing member 21 and the fritted glass 224
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and the stress applied to the bonding region R2 between the
reinforcing member 21 and the iritted glass 225 increase.

For example, in FIG. 2, when the glass plate 10a side
becomes high in temperature and the glass plate 106 side
remains low in temperature, the glass plate 10a thermally
expands. At this time, the end portion of the glass plate 10a
moves outward, so that the reinforcing member 21 gradually
rises from the tilted state shown in FIG. 2 and 1s deformed
to approach from a Z-shape to an L-shape. Furthermore, a
force toward the outside from the glass plate 10q 1s applied
to the reinforcing member 21, so that the stress in the peel
mode (mode in which stress concentrates on a bonded end
portion on the pulled side (bonded end portion 60056 shown
in FIG. 10) of the bonding surface in the bonding region R2
between the fritted glass 2256 and the reinforcing member 21,
and the reinforcing member 21 1s peeled off from the fritted
glass 2256 making the bonded end portion as a peeling
starting point) 1s applied to the bonded edge portion of the
bonding region R2. For this reason, large stress 1s generated
in the Iritted glass 226, and therefore cracks or breakages
become likely to occur, and a force F1 (see FIG. 2) 1n the
peeling direction along the in-plane direction of the glass
plate 105 acts between the fritted glass 225 and the rein-
forcing member 21, and therefore the initted glass 226 and
the reinforcing member 21 become likely to be peeled off.
From this result, it 1s necessary to evaluate the bonding
strength of the sealing member 20 (between the iritted glass
226 and the reinforcing member 21) i the peel mode
mentioned above.

As shown 1n FIG. 1, the sealing member 20 1s formed into
a frame shape (annular shape) so as to be arranged at the
sealing part A provided along the enftire circumierence
(periphery) of the peripheral portion of the vacuum multi-
layer glass 100. As shown 1n FIG. 2, the sealing part A 1s
arranged so as to connect the periphery of the glass plate 10q
on the Z1 side and the periphery of the glass plate 1056 on the
7.2 side. In the sealing part A, the upper surface and both side
surfaces of the sealing member 20 are exposed to the
outside.

Also, the Initted glass 22a of the sealing member 20 1s, 1n
the bonding region R1 (region to be bonded to the first
glass), bonded to the glass plate 10a 1n a state of being
arranged on the upper surtace (Z1 side) of the peripheral
portion of the glass plate 10a. Further, the fritted glass 225
1s, 1n the bonding region R2 (region to be bonded to the
second glass), bonded to the glass plate 106 1n a state of
being arranged on the upper surface of the peripheral portion
of the glass plate 105. With this, 1t 1s configured such that the
gap S1 between the glass plates 10aq and 105 1s sealed by the
sealing member 20. Further, the fritted glass 2256 1s config-
ured to be positioned outside the fritted glass 22a.

Further, the fntted glass 22a and 226 are made of a
solidified material of B1,0, based iritted glass having a
thermal expansion coeflicient from 30° C. to 400° C. of
about 8x107° (K™). The Bi,0, based fritted glass specifi-
cally means glass after melting powdered glass irit mainly
containing B1,0; at a low temperature. That 1s, the B1,0,
based Iritted glass configuring the tfritted glass 22a and 225
1s configured to have a thermal expansion coeflicient near
the thermal expansion coeflicient (about 8.5x107° (K™)) of
soda-lime glass so as to thermally expand approximately
similar to soda-lime glass.

Further, the fritted glass 22a and 226 are configured to be
formed between the reinforcing member 21 and the glass
plate 10a, and between the reinforcing member 21 and the
glass plate 105, respectively, by melting B1,0, based pow-
dered glass frit at about 500° C. and then solidifying it 1n a
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state 1n which the B1,0,; based powdered glass 1rit in a paste
state 1s arranged on the upper surface of the peripheral
portion of the glass plate 10a and on the upper surface of the
peripheral portion of the glass plate 105, respectively.

As shown 1n FIG. 1, the reinforcing member 21 1s formed
into a frame shape so as to be arranged over the entire
sealing part A. Further, as shown in FIG. 2, the reinforcing
member 21 includes a flat planar mner end portion 21a
which 1s to be bonded to the intted glass 22q, a flat planar
outer end portion 215 which 1s positioned lower (72 side)
than the mner end portion 21aq and 1s to be bonded to the
fritted glass 225, and an 1inclined portion 21¢ connecting the
inner end portion 21a and the outer end portion 215. As a
result, the cross-sectional shape of the reinforcing member
21 1s configured to be an approximately Z-shape obtained by
stretching both ends of the Z-shape. Further, the reinforcing
member 21 1s pre-folded so that an 1inclined portion 21c¢ 1s
formed. The thickness t1 (see FIG. 3) of the reinforcing
member 21 1s equal to or larger than about 100 um and equal
to or smaller than about 500 um. Note that the mner end
portion 21a and the outer end portion 215 each are an
example of the “parallel part” according to the present
invention.

Further, the mmner end portion 21a i1s formed in the
bonding region R1. The mner end portion 21a 1s formed so
as to extend approximately 1n parallel to the bonding surface
10c of the glass plate 10a to which the fnitted glass 22a 1s
bonded. Further, the outer end portion 215 1s formed 1n the
bonding region R2. The outer end portion 215 1s formed so
as to extend approximately 1n parallel to the bonding surface
104 of the glass plate 105 to which the iritted glass 225 1s
bonded.

Further, the inclined portion 21¢ 1s provided 1n the non-
bonding region R3. The inclined portion 21c¢ 1s formed so as
to extend in an inclined state with respect to the bonding
surtaces 10¢ and 10d.

Here, 1n the first embodiment, it 1s configured such that
the Young’s modulus of the reinforcing member 21 1s about
110 GPa or less. In other words, the reinforcing member 21
has a property of being elastically deformed easily against
an applied external force. The distance (distance L. shown 1n
FIG. 10) 1n the direction parallel to the bonding surface
between the peeling starting point (the bonded end portion
6006 shown 1n FIG. 10) when the reinforcing member 21
starts to detach from the Irntted glass 22a or 226 and the
portion of the reinforcing member 21 (the bent deformed
portion 600c shown i FIG. 10) to which a vertical load
indicated by an arrow 1s applied becomes shorter by the
clastically deformed amount of the reinforcing member 21.
That 1s, since the distance L. shown 1n FIG. 11 when the
Young’s modulus 1s small becomes shorter than the distance
L. shown m FIG. 10 when the Young’s modulus of the
cladding material 1 1s large 1n the direction parallel to the
bonding surface, it 1s possible to reduce the stress applied to
the peeling starting point. This 1s based on the finding of a
new phenomenon that when the adhesion indicating the
essential bonding property 1s the same degree, the material
smaller 1n Young’s modulus gives higher strength 1n mea-
suring the bonding strength (peel strength) 1n a peel mode (a
mode 1n which the reinforcing member 21 1s peeled ofl from
the Intted glass 22a or 2256 bonded with the bonded end
portion as the peeling starting point among bonding sur-
faces) as one method of evaluating the bonding strength
between the Intted glass 22a or 226 and the reinforcing
member 21. This makes 1t possible to eflectively prevent the
reinforcing member 21 from being peeled off from the fritted
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Further, the Young’s modulus of the reinforcing member
21 1s preferably equal to or greater than about 85 GPa.

In the first embodiment, 1t 1s configured such that the
thermal expansion coefficient Xx107° (K™") from 30° C. to
400° C. of the reinforcing member 21 satisfies the relation-
ship of about 7.5=X<11.5. That 1s, 1t 1s conﬁgured such that
the reimnforcing member 21 has a thermal expansion coeili-
cient close to that of soda-lime glass (thermal expansion
coefficient: about 8.5x107° (K™")) or Bi,O, based fritted
glass (about 8x107° (K™')) so as to thermally expand
approximately similar to soda-lime glass and Bi1,0; based
tritted glass. As a result, even 1n cases where the temperature
difference between the glass plate 10a and the glass plate
1056 1s large, 1t 1s possible to suppress generation of large
stress 1n the fnitted glass 22a and 226 by the reinforcing
member 21 or action of the force F1 in the peeling direction
along the m-plain direction.

Further, 1n the first embodiment, as shown 1n FIG. 3, the
reinforcing member 21 1s made of an overlay type cladding
material 1 of a three-layer structure. Specifically, the rein-
forcing member 21 1s made of a cladding material 1 of a
three-layer structure in which an Al layer 11 to be bonded to
the fritted glass 22a and 2254 to be formed on the 72 side and
made of an Al-based alloy, a core layer 12 having a 72 side
surface to which the Al layer 11 1s bonded and made of an
Fe—Ni based alloy, and an Al layer 13 bonded to the Z1 side
surface of the core layer 12 and made of an Al-based alloy
are bonded. Further, the Al layer 11 and the core layer 12 are
bonded over the entire surface of the Z2 side surface of the
core layer 12. The core layer 12 and the Al layer 13 are
bonded over the entire surface of the Z1 side surface of the
core layer 12. Thus, the cladding material 1 constitutes an
overlay type cladding material. Further, the Al layer 11 and
the core layer 12 are strongly bonded by atomic diffusion,
compound formation, etc., and the core layer 12 and the Al
layer 13 are strongly bonded by atomic diflusion, compound
formation, etc. Note that the reinforcing member 21 1s an
example of the “glass bonding material” according to the
present invention made of the cladding material 1, and the
Al layer 11, the core matenal layer 12, and the Al layer 13
are examples of the “first layer”, the “second layer”, and the
“third layer”, respectively.

The reinforcing member 21 made of the cladding material
1 1s bonded to the fntted glass 22a and 225 at the lower
surface (the Z2 side surface) of the Al layer 11. That 1s, apart
of the lower surface of the reinforcing member 21 (Al layer
11) 1s configured as a bonding surface to be bonded to the
tritted glass 22a and 22b. Further, since the cladding mate-
rial 1 constituting the reinforcing member 21 1s a metal
laminate member, the cladding material 1 1s more likely to
be elastically deformed or plastically deformed (cracks or
breakages are less likely to occur) as compared with the
glass to be bonded. Thus, 1t 1s configured such that defor-
mations due to the thermal expansion can be reduced to
some extent.

The Al layers 11 and 13 are configured such that both of
them are made of the same Al-based alloy and have approxi-
mately the same thickness t2 in the thickness direction (Z
direction). Since the surfaces of the Al layers 11 and 13 are
high in adhesion to glass such as iritted glass, the Al layers
11 and 13 and the iritted glass 22a and 225 have a relation-
ship that the peeling strength (peel strength) 1s increased.

Further, as the Al-based alloy constituting the Al layers 11
and 13, 1t 1s possible to use an Al alloy, such as, e.g., a pure
Al of A1000 series, an Al—=Si1 alloy of A4000 series, and an
Al—Mg alloy of AS000 series. As the Al-based alloy, 1t 1s

preferable to use soft pure Al, which has corrosion resistance
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and readily causes elastic deformation and plastic deforma-
tion to sufliciently absorb deformation against thermal
expansion. Further, 1t 1s preferable that the Al-based alloy
have less impurities such as Mg and Si1. Specifically, 1n the
Al-based alloy, the content rate of Al 1s preferably about 99.0
mass % or more, more preferably about 99.5 mass % or
more. The Young’s modulus of the Al layers 11 and 13 made
of an Al-based alloy 1s smaller than the Young’s modulus of
the core layer 12 made of an Fe—Ni1 based alloy.

The Fe—Ni based alloy constituting the core layer 12 1s
made of at least of N1, Fe, and inevitable impurity elements.
In general, the expansion 1s lower than that of an Al-based
alloy and the thermal expansion coeflicient X1 from 30° C.
to 400° C. is 11.5x107° (K™') or less. As the Fe—Ni based
alloy, 1t 1s preferable to be an Fe—Ni based alloy satistying
the relationship of about 7.5=X<11.5 1n thermal expansion
coefficient X1x107° (K™") from 30° C. to 400° C. With this,
it 1s possible to configure such that the thermal expansion
coefficient Xx107° (K ) from 30° C. to 400° C. of the
cladding material 1 having the core layer 12 can easily
satisty the relationship of about 7.5=X<11.5. When the Al
layers 11 and 13 are made of flexible pure Al, the thermal
expansion coellicient X of the cladding material 1 becomes
approximately the same value as the thermal expansion
coellicient X1 of the core layer 12 since the contribution of
the thermal expansion coellicient of the core layer 12 made
of the Fe—Ni based alloy becomes larger.

As the Fe—Ni1 based alloy constituting the core layer 12,
it 1s preferable to use either an Fe—Ni alloy or an Fe—N1—
Co alloy with smaller thermal expansion coeflicient from
30° C. to 400° C., more preferable to use an Fe-(28 to
50)N1-(0 to 20)Co alloy made of about 28 mass % or more
and about 50 mass % or less of N1, 0 mass % or more and
about 20 mass % or less of Co, and the balance being Fe and
inevitable impurity elements. Note that containing O mass %
or more of Co means that Co 1s an arbitrary metallic element
and does not need to be contained in the Fe—Ni1 based alloy.

Here, as an example of the Fe—Ni based alloy constitut-
ing the core layer 12, 1n the Fe-42Ni1 alloy made of about 42
mass % of N1 and the balance being Fe and inevitable
impurity elements, the thermal expansion coeflicient from
30° C. to 400° C. is about 5.8x107° (K™'), in an Fe-48Ni
alloy made of about 48 mass % of N1 and the balance being
Fe and inevitable impurity elements, the thermal expansion
coeflicient from 30° C. to 400° C. is about 8.7x107° (K™).
As an example of the Fe—N1—Co based alloy, in the
Fe-32N1-8Co alloy made of about 32 mass % of Ni, about
8 mass % Co, and the balance being Fe and inevitable
impurity elements, the thermal expansion coeflicient from
30° C. to 400° C. is about 4.3x107° (K™H).

Further, as the Fe—Ni based alloy constituting the core
layer 12, 1t 1s preferable to use either an Fe—Ni1—Cr alloy
or an Fe—Ni1—Co—Cr alloy 1n which not only the thermal
expansion coetlicient from 30° C. to 400° C. 1s small but also
it has corrosion resistance. It 1s more preferable to use an
Fe-(28 to 50)Ni1-(0 to 20)Co-(4 to 8)Cr alloy made of about
28 mass % or more and about 50 mass % or less of Ni, 0
mass % or more and about 20 mass % or less of Co, about
4 mass % or more and about 8 mass % or less of Cr, and the
balance being Fe and inevitable impurity elements. Further,
in order to further improve the corrosion resistance, it 1s
more preferable to use an Fe-(28 to 50)Ni1-(0 to 20)Co-(6 to
8)Cr alloy made of about 28 mass % or more and about
about 50 mass % or less of N1, 0 mass % or more and about
20 mass % or less of Co, about 6 mass % or more and about
8 mass % or less of Cr, and the balance being Fe and
inevitable impurity elements.

5

10

15

20

25

30

35

40

45

50

55

60

65

14

Here, as an example of the Fe—Ni—Cr based alloy
constituting the core layer 12, in the Fe-48N1-3Cr alloy
made of about 48 mass % of Ni, about 3 mass % of Cr, and
the balance being Fe and inevitable impurity elements, the
thermal expanswn coellicient from 30° C. to 400° C. 1s about
8.9%107° (K™"). Further, as an example of the Fe—Ni—
Co—Cr based alloy, in the Fe-30N1-16Co-6Cr alloy made of
about 30 mass % of Ni, about 16 mass % Co, about 6 mass
% of Cr, and the balance being Fe and inevitable impurity
clements, the thermal expansion coeflicient from 30° C. to
400° C. is about 8.4x107° (K™).

Further, the thickness t2 of each of the Al layers 11 and 13
1s preferably equal to or larger than the thickness t3 of the
core layer 12, more preferably twice or more the thickness
t3. Further, 1t 1s more preferable that the thickness t2 be three
times or more the thickness t3. The Young’s modulus of the
Al-based alloy constituting the Al layers 11 and 13 1s
configured to be smaller than the Young’s modulus of the
Fe—Ni based alloy constituting the core layer 12. As on
example, 1n cases where the Al layers 11 and 13 are made of
A1030 (pure Al) and the core layer 12 1s made of an Fe-42N1
alloy made of 42 mass % of N1 and the balance being Fe and
inevitable impurity elements, the Young’s modulus of each
of the Al layers 11 and 13 becomes about 70 GPa, which 1s
smaller than the Young’s modulus (about 164 GPa) of the
core layer 12.

In the first embodiment, the following
obtained.

In the first embodiment, as described above, since the
cladding material 1 constituting the reinforcing member 21
includes the core layer 12 made of an Fe—Ni1 based alloy 1n
which the thermal expansion coeflicient X1 from 30° C. to
400° C. is equal to or less than 11.5x107° (K1), it is possible
to ellectively suppress the thermal expansion of the Al layer
11 made of an Al-based alloy by the core layer 12 made of
an Fe—Ni based alloy having a thermal expanswn coelli-
cient X1 from 30° C. to 400° C. of 11.5x107° (K‘ ) or less,
which 1s generally lower in thermal expansion than the
Al-based alloy. This makes 1t possible to reduce the thermal
expansion coetlicient of the entire reinforcing member 21, so
it 1s possible to suppress the occurrence of cracks, break-
ages, etc., 1n the fritted glass 22a and 22b. Further, since the
cladding material 1 1s made of an Al-based alloy and
includes the Al layer 11 to be bonded to the fritted glass 22a
and 225b, the bonding between the Al-based alloy constitut-
ing the Al layer 11 and the fritted glass 22a and 225 1s good.
Theretore, it 1s possible to suppress peeling of the reinforc-
ing member 21 from the intted glass 22a and 22b. As a
result, peeling of the reinforcing member 21 (Al layer 11)
from the fritted glass 22a and 226 can be suppressed while
suppressing the occurrence of cracks, breakages, etc., 1n the
tritted glass 22a and 22b.

In the first embodiment, the reinforcing member 21 1s
made of the cladding material 1 1n which at least the Al layer
11 made of an Al-based alloy and configured to be bonded
to the tritted glass 22a and 225 and the core layer 12 made
of the Fe—Ni based alloy are bonded. Since atomic diffu-
s1on, compound formation, etc., have occurred 1n the region
where the Al layer 11 and the core layer 12 are bonded each
other, as compared with the case of bonding the Al layer 11
and the core layer 12 by simple adhesion, etc., the bonding
of the Al layer 11 and the core layer 12 becomes stronger.
This enable to suppress peeling between the Al layer 11 and
the core layer 12. Furthermore, since peeling can be simi-
larly suppressed between the Al layer 13 and the core layer
12, peeling between the layers of the cladding material 1 can
be suppressed as well. As a result, even 11 the interior (gap

effects can be




US 10,696,589 B2

15

S1) of the vacuum multilayer glass 100 1s lowered 1n
pressure to high vacuum, the sealing property at the
bonded portion between the Al layer 11 and the core layer 12
1s not 1mpaired, resulting in a suitable reinforcing member
21. As a result, it 1s possible to maintain the high vacuum 1n
the gap S1 of the vacuum multilayer glass 100.

Further, 1n the first embodiment, by setting the Young’s
modulus of the reinforcing member 21 made of the cladding
material 1 to about 110 GPa or less, the reinforcing member
21 can be easily elastically deformed. With this, the distance
(distance L, see FIG. 10) in the direction parallel to the
bonding surface between the peeling starting point (the
bonded end portion 6006 shown in FIG. 10) when the
reinforcing member 21 starts to detach from the fritted glass
22a or 22b and the portion of the reinforcing member 21 (the
bent deformed portion 600c shown 1n FIG. 10) to which a
vertical load 1ndicated by an arrow 1n FIG. 10 1s applied to
the bonding surface (a part of the lower surface) between the
fritted glass 22a and 226 and the reinforcing member 21
becomes shorter by the elastically deformed amount of the
reinforcing member 21. That 1s, the distance L. shown in
FIG. 11 when the Young’s modulus of the cladding material
1s small becomes shorter than the distance L. shown in FIG.
10 when the Young’s modulus of the cladding material 1s
large 1n the distance in the direction parallel to the bonding
surface, and therefore the stress applied to the peeling
starting point can be reduced. This makes i1t possible to
cllectively prevent peeling of the reinforcing member 21
from the intted glass 22a and 225b.

In the first embodiment, the Al layer 11 1s bonded to the
glass plates 10a and 106 made of soda-lime glass via the
fritted glass 22a and 226 and the cladding material 1 1s
configured such that the thermal expansion coetlicient
Xx107° (K™) from 30° C. to 400° C. satisfies the relation-
ship of about 7.5=X<11.5. As a result, the remforcing
member 21 made of the cladding material 1 has thermal
expansion close to the thermal expansion coetlicient from
30° C. to 400° C. (about 8.5x107° (K™ ")) of soda-lime glass.
Theretore, it 1s possible to suppress the occurrence of cracks,
breakages, etc., 1in the glass plates 10q and 105 and the iritted
glass 22a and 225 made of soda-lime glass.

In the first embodiment, by setting the acceptable range of
the thermal expansion coefficient Xx10™° (K™') of the clad-
ding material 1 in the range smaller than the thermal
expansion coeflicient (about 8.5x107° (K™')) of soda-lime
glass to a range equal to or greater than about 7.5x107°
(K™1), it is possible to suppress the occurrence of cracks,
breakages, etc., i the fntted glass 22a and 225 even when
a force 1n the tensile direction which tends to cause cracks
or breakages 1s applied. Further, by setting the acceptable
range of the thermal expansion coeflicient Xx107° (K™") of
the cladding material 1 1n the range larger than the thermal
expansion coeflicient of soda-lime glass to a range of
11.5x107° (K1) or less, it is possible to sufficiently suppress
the occurrence of cracks, breakages, etc., 1n the fritted glass
22a and 22b. Therelore, by selecting the cladding material
1, 1t 1s possible to obtain the reinforcing member 21 capable
ol coping with the type of glass to be bonded.

In the first embodiment, the Young’s modulus of the Al
layers 11 and 13 made of an Al-based alloy 1s set to be
smaller than the Young’s modulus of the core layer 12 made
of the Fe—Ni based alloy, and the thickness 12 of each of the
Al layers 11 and 13 1s set to be equal to or larger than the
thickness t3 of the core layer 12. With this configuration, the
thickness 12 of each of the Al layers 11 and 13 small in
Young’s modulus can be secured suthiciently, which makes
it possible to make the reinforcing member 21 made of the
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cladding material 1 elastically deformable. As a result, the
peel strength of the reinforcing member 21 can be improved.
This makes 1t possible to more effectively prevent peeling of
the reinforcing member 21 from the iritted glass 22a and
22b.

In the first embodiment, the Al layer 11 and the core layer
12 are bonded over the entire surface of the Z2 side surface
of the core layer 12, and the core layer 12 and the Al layer
13 are bonded over the entire surface of the Z1 side surface
of the core layer 12 to configure the overlay type cladding
material 1. As a result, 1t 1s possible to suppress the occur-
rence of warpage 1n the cladding material 1 due to the fact
that the one surface side of the cladding material 1 deforms
(extends) larger than the other surface side at the time of
producing the cladding material 1. Also, the cladding mate-
rial 1 can be easily formed compared with an inlay type or
edge lay type cladding material 1n which a layer structure 1s
formed only at a part of the cladding material 1. As a result,
the reinforcing member 21 can be efliciently produced by
using an overlay type cladding material 1 of a three-layer
structure as the reinforcing member 21.

Further, 1n the first embodiment, since the Al layer 11 and
the Al layer 13 are not only made of the same Al-based alloy
but also have approximately the same thickness tl1, 1t 1s
possible to suppress the warp of the cladding material 1. At
the same time, 1t 1s not necessary to strictly distinguish the
front and back of the reinforcing member 21 made of the
cladding material 1, so that handling of the reinforcing
member 21 can be made easier.

In the first embodiment, the Fe—Ni1 based alloy consti-
tuting the core layer 12 mcludes 28 mass % or more and 50
mass % or less of N1, 0 mass % or more and 20 mass % or
less of Co, 0 mass % or more and 8 mass % or less of Cr,
and the balance being Fe and inevitable impurity elements.
With such a structure, since the Fe—Ni based alloy consti-
tuting the core layer 12 contains at least 28 mass % or more
and 50 mass % or less of Ni, the core layer 12 can be
assuredly made to have lower expansion. Also, 1n cases
where the Fe—Ni based alloy contains Co (when 1t contains
more than 0 mass % of Co), 1t 1s possible to increase the
Curie point (the transition point in the thermal expansion
curve) of the Fe—Ni1 based alloy. Therefore, the thermal
expansion coeflicient of the core layer 12 and the cladding
material 1 can be kept small. Further, since the Fe—Ni based
alloy contains 20 mass % or less of Co, the used amount of
expensive Co can be suppressed. Furthermore, i cases
where the Fe—Ni based alloy contains Cr (when it contains
more than 0 mass % of Cr), it 1s possible to improve the
corrosion resistance of the core layer 12. In addition, since
the Fe—Ni1 based alloy contains 8 mass % or less of Cr, 1t
1s possible to suppress the increase of the thermal expansion
coellicient of the Fe—Ni based alloy while improving the
corrosion resistance of the core layer 12. More preferably,
the Fe—Ni based alloy constituting the core layer 12 con-
tains 4 mass % or more and 8 mass % or less of Cr. In this
case, the corrosion resistance of the core layer 12 can be
assuredly improved.

In the first embodiment, the content rate of Al in the
Al-based alloy constituting the Al layers 11 and 13 1s set to
about 99.0 mass % or more. With this structure, since
impurity elements (for example, Mg, S1, etc.) other than Al
contained 1n the Al-based alloy can be reduced, the bonding
of the Al-based alloy constituting the Al layer 11 and the
fritted glass 22a and 2256 can be further improved.

In the first embodiment, the reinforcing member 21 1s
used for the sealing part A of the vacuum multilayer glass
100 to which large thermal stress 1s applied due to a large
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temperature difference generated between the glass plate
10a side and the glass plate 106 side of the vacuum

multilayer glass 100. Therefore, 1t 1s possible to suppress
peeling of the reinforcing member 21 from the fritted glass
22a and 22b while suppressing the occurrence of cracks,
breakages, etc., 1n the fritted glass 22aq and 225 arranged in
the sealing part A.

In the first embodiment, by setting the Young’s modulus
of the cladding material 1 to about 85 GPa or more and about
100 GPa or less, it 1s possible to more eflectively suppress
peeling of the reinforcing member 21 from the fritted glass
22a and 226 while maintaining the rigidity of the cladding
material 1.

In the first embodiment, by setting the thickness {2 of each
of the Al layers 11 and 13 to about twice or more the
thickness t3 of the core layer 12, the thickness 12 of the Al
layers 11 and 13 small 1n Young’s modulus can be secured
turther sufliciently. As a result, the peel strength of the
reinforcing member 21 can be further improved.

Further, 1 the first embodiment, the cladding material 1
includes the mner end portion 21a formed 1n the bonding
region R1 and extending approximately parallel to the
bonding surface 10c¢ of the glass plate 10a to which the
tritted glass 22a 1s bonded, the outer end portion 215 formed
in the bonding region R2 and extending approximately
parallel to the bonding surface 104 of the glass plate 105 to
which the iritted glass 226 1s bonded, and the inclined
portion 21¢ extending 1n an inclined state with respect to the
bonding surfaces 10c¢ and 104 so as to connect the inner end
portion 21a and the outer end portion 215. As a result, while
tavorably securing the bonding of the reinforcing member
21 and the glass plates 10a and 1056 with the inner end
portion 21a and the outer end portion 215, it 1s possible to
casily form the gap S1 between the glass plate 10a and the
glass plate 105 by separating the glass plate 10a and the
glass plate 1056 from each other with the inclined portion
21c. With this, 1t 1s possible to easily form the gap S1 in the
vacuum multilayer glass 100 and vacuum the 1nside of the
gap S1.

In the first embodiment, 1n a vacuum multilayer glass 100
formed by arranging two glass plates 10a and 105 with a gap
S1 therebetween and bonding the periphery of the two glass
plates 10a and 105 with the sealing member 20, the sealing
member 20 1s formed by bonding the reinforcing member 21
and the Iritted glass 22a and 22b. As a result, using the
reinforcing member 21 capable of suppressing peeling from
the intted glass 22a and 226 while suppressing the occur-
rence of cracks, breakages, etc., 1in the fritted glass 22a and
22b, a vacuum multilayer glass 100 in which the two glass
plates 10a and 106 are bonded together with the gap S1
therebetween can be obtained.

Further, in the first embodiment, since bonding of glass
can be formed by bonding the fritted glass 22a to the glass
plate 10aq and bonding the fritted glass 2254 to the glass plate
1056, peeling of the sealing member 20 and the glass plate
10a and 1056 can be cllectively suppressed.

First Modified Example of First Embodiment

Next, a first modified example of the first embodiment of
the present mvention will be described with reference to
FIG. 4. In this first modified example of the first embodi-
ment, unlike the first embodiment 1n which the reinforcing,
member 21 1s made of an overlay type cladding material 1,
an embodiment 1n which core layers 112a and 1125 of a
reinforcing member 121 are arranged only at positions
tacing the bonding regions R1 and R2 will be described. The
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reinforcing member 121 1s one example of the “glass
bonding material” made of the cladding matenial 101
according to the present ivention.

As shown 1 FIG. 4, the reinforcing member 121 accord-
ing to the first modified example of the first embodiment of
the present invention 1s configured by a cladding material
101 in which a three-layer structure 1s formed only 1n the
bonding regions R1 and R2 and a single layer structure (no
layer structure 1s formed) 1s formed in the region other than
the bonding regions R1 and R2.

Specifically, on the inner side of the cladding material 101
(one side in the direction perpendicular to the thickness
direction of the cladding material 101), an Al layer 111a
made of an Al-based alloy to be bonded to the iritted glass
22a, a core layer 112a made of an Fe—Ni based alloy, and
an Al portion 113a made of an Al-based alloy are laminated
in this order from the Z2 side to the Z1 side and bonded
together. Further, on the outer side of the cladding material
101 (the other side in the direction perpendicular to the
thickness direction of the cladding material 101), an Al layer
1115 made of an Al-based alloy to be bonded to the fritted
glass 22b, a core layer 11256 made of an Fe—Ni based alloy,
and an Al portion 1135 made of an Al-based alloy are
laminated in this order from the Z2 side to the Z1 side and
bonded together. Further, the core layer 112a 1s arranged at
a position facing the bonding region R1 where the Al layer
111a and the iritted glass 22a are bonded in the thickness
direction (Z direction), and the core layer 1125 1s arranged
at a position facing the bonding region R2 where the Al layer
1115 and the iritted glass 225 are bonded 1n the thickness
direction. The thermal expansion coeflicient X1 from 30° C.
to 400° C. of the Fe—Ni based alloy constituting the core
layers 112a and 1125 is equal to or less than 11.5x107°
(K™"). Note that the Al layer 111a and the Al layer 1115 each
are an example of the “first layer” according to the present
invention, and the core layers 112aq and 1126 each are an
example of the “second layer” according to the present
invention.

Further, in the non-bonding region R3 (region in which
the fritted glass 22a and 224 are not arranged) connecting
the bonding regions R1 and R2, only an Al portion 113c¢
made of an Al-based alloy 1s arranged over the entire
thickness direction. That 1s, a core layer made of an Fe—Ni
based alloy 1s not arranged 1n the non-bonding region R3.
Note that the Al portion 113c¢ 1s integrally connected to the
Al layers 111a, 1115, 113a, and 1135. As a result, the Al
layers 111a, 1115, 113a, and 1135 and the Al portion 113c¢
are made of the same Al-based alloy.

Further, at positions facing the bonding regions R1 and
R2, the core layers 112a and 1125b are arranged so as to be
embedded 1n the Al-based alloy.

Further, the Al layers 111a, 1115, 113a, and 1135 are
configured to have approximately the same thickness t2a 1n
the thickness direction (Z direction). The thickness t2a of
cach of the Al layers 111a, 1115, 113a, and 1135 is prefer-
ably equal to or larger than the thickness t3a of each of the
core layers 112a and 1125, more preferably twice or more
the thickness t3a. Other configurations of the first modified
example of the first embodiment are the same as those of the
first embodiment.

In the first modified example of the first embodiment, the
following eflects can be obtained.

In the first modified example of the first embodiment, as
described above, the cladding material 101 constituting the
reinforcing member 121 1ncludes core layers 112q and 1125
made of an Fe—Ni based alloy 1n which a thermal expansion
coellicient X1 from 30° C. to 400° C. 1s equal to or less than
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11.5%107° (K1), and Al layers 111a and 1115 each made of
an Al-based alloy and configured to be bonded to the fritted

glass 22a and 22b, respectively. Therelfore, in the same
manner as 1n the first embodiment, 1t 1s possible to suppress
peeling of the reinforcing member 121 (Al layers 111a and
1115) from the fnitted glass 22a and 225 while suppressing
the occurrence of cracks, breakages, etc., 1n iritted glass 224
and 225 due to the reinforcing member 121.

Further, 1n the first modified example of the first embodi-
ment, the core layer 112a made of an Fe—Ni based alloy 1s
arranged at a position facing the bonding region R1 where
the Al layer 111a and the fritted glass 22a are bonded 1n the
thickness direction, and the core layer 1126 made of an
Fe—Ni based alloy 1s arranged at a position facing the
bonding region R2 where the Al layer 1115 and the iritted
glass 2256 are bonded 1n the thickness direction. Further, a
core layer made of an Fe—Ni based alloy 1s not arranged 1n
the non-bonding region R3. As a result, by the core layers
1124 and 1126 made of the Fe—Ni based alloy having lower
expansion than that of the Al based alloy arranged at
positions facing the bonding regions R1 and R2 in the
thickness direction of the cladding material 101, the used
amount of the Fe—Ni based alloy constituting the core
layers 112a and 1126 can be reduced while assuredly
suppressing the thermal expansion of the Al layers 111a and
1115 made of an Al-based alloy. As a result, even in cases
where the Al layers 111a and 1115 made of an Al-based alloy
having large thermal expansion are bonded to a glass mem-
ber, 1t 1s possible to further suppress the occurrence of
cracks, breakages, etc., in the fntted glass 22a and 22b.

Further, 1n the first modified example of the first embodi-
ment, the core layers 112a and 1125 are arranged so as to be
embedded 1n the Al-based alloy at the positions facing the
bonding regions R1 and R2. Therefore, compared with the
case 1n which the core layers are arranged on the Z1 side
surfaces opposite to the bonding regions R1 and R2, the core
layers 112a and 1126 can be arranged at positions closer to
the bonding regions R1 and R2, respectively. Therelore, 1t 1s
possible to effectively suppress the thermal expansion of the
Al layers 111a and 1115.

Further, 1n the first modified example of the first embodi-
ment, even 1n cases where stress caused by a temperature
difference between a pair of glass plates (not shown) 1is
applied, since the Al portion 113¢ made of a stretchy
Al-based alloy having a small Young’s modulus 1s formed
over the entire thickness direction (Z direction) between the
bonding region R1 and the bonding region R2 where the Al
layers 111a and 1115 are arranged, respectively, the applied
stress can be suppressed. As a result, the occurrence of
cracks, breakages, etc., 1n the iritted glass 22a and 2256 due
to the reinforcing member 121 can be further suppressed
while securing the bonding of the reinforcing member 121
and the fritted glass 224 and 2256 1n the bonding regions R1
and R2. Other eflects of the first modified example of the
first embodiment are the same as those of the first embodi-
ment.

Second Modified Example of First Embodiment

Next, a second modified example of the first embodiment
of the present invention will be described with reference to
FIG. 5. In the second modified example of the first embodi-
ment, unlike the first modified example of the first embodi-
ment in which the core layers 112q and 1125 are arranged so
as to be embedded 1n the Al-based alloy, a case 1n which core
layers 212a and 2126 are exposed on the surface will be

described.
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As shown 1 FIG. 5, the reinforcing member 221 accord-
ing to the second modified example of the first embodiment
ol the present invention 1s configured by a cladding material
201 1n which a two-layer structure 1s formed only 1n bonding
regions R1 and R2 and a single layer structure (no layer
structure 1s formed) 1s formed in the region other than the
bonding regions R1 and R2. Note that the reinforcing
member 221 1s one example of the “glass bonding material™
made of the cladding material 201 according to the present
invention.

Specifically, on the mnner side of the cladding material

201, an Al layer 211a made of an Al-based alloy to be

bonded to the fritted glass 22a, and a core layer 212aq made
of an Fe—Ni based alloy and arranged at a position facing
the bonding region R1 of the Al layer 211a and the fritted
glass 22a 1n the thickness direction (Z direction) are bonded.
Further, on the outer side of the cladding material 201, an Al
layer 21156 made of an Al-based alloy to be bonded to the
tritted glass 225, and a core layer 2125 made of an Fe—Ni
based alloy and arranged at a position facing the bonding
region R2 of the Al layer 2115 and the fritted glass 225 1n
the thickness direction are bonded. Further, at positions
facing the bonding regions R1 and R2, the core layers 212a
and 2125 are arranged on the Z1 side surfaces opposed to the
bonding regions R1 and R2. As a result, the cladding
material 201 has an inlay type cladding material configura-
tion. The thermal expansion coeflicient X1 from 30° C. to
400° C. of the Fe—Ni1 based alloy constituting the core
layers 212a and 2125 is equal to or less than 11.5x107°
(K™1). Note that the Al layer 211a and the Al layer 2115 each
are an example of the “first layer” according to the present
invention, and the core layers 212q and 21256 each are an

example of the “second layer” according to the present
invention.

The Al layers 211a and 2116 are configured to have
approximately the same thickness t25 in the thickness direc-
tion (Z direction). Further, the thickness 126 of each of the
Al layers 211a and 2115 1s preferably equal to or larger than
the thickness t3b of each of the core layers 212a and 2125,
more preferably three times or more the thickness t35. More
preferably, the thickness 126 1s six times or more the
thickness t35. Other configurations of the second modified
example of the first embodiment are the same as those of the
first embodiment.

In the second modified example of the first embodiment,
the following eflects can be obtained.

In the second modified example of the first embodiment,
as described above, the cladding material 201 includes core
layers 212a and 2126 made of an Fe—Ni based alloy 1n
which a thermal expansion coeflicient X1 from 30° C. to
400° C. is equal to or less than 11.5x107° (K™'), and Al
layers 211a and 2116 made of an Al-based alloy and
configured to be bonded to the ifritted glass 22a and 225,
respectively. Therefore, in the same manner as 1n the first
embodiment, it 1s possible to suppress peeling of the rein-
forcing member 221 (Al layers 211a and 2115) from the
tritted glass 22a and 225 while suppressing the occurrence
of cracks, breakages, etc., in the Irtted glass 22a and 225
due to the reinforcing member 221.

Further, in the second modified example of the first
embodiment, at positions facing the bonding regions R1 and
R2, the core layers 212aq and 21256 are arranged on the Z1
side surfaces opposed to the bonding regions R1 and R2.
Theretore, the cladding material 201 can be easily produced
as compared with the case i which the core layer 1is
arranged so as not to be exposed on the surface of the
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reinforcing member. Other effects of the second modified
example of the first embodiment are the same as those of the
first embodiment.

Third Modified Example of First

Embodiment

Next, a third modified example of the first embodiment of
the present imvention will be described with reference to
FIG. 6. In this third modified example of the first embodi-
ment, unlike the first embodiment 1n which the reinforcing,
member 21 1s configured by an overlay type cladding
material 1 of a three-layered structure, an embodiment in
which a remforcing member 321 i1s configured by a two-
layer structure of an overlay time cladding material 301 will
be described. Note that the reinforcing member 321 1s one
example of the “glass bonding material” made of the clad-
ding material 301 according to the present invention.

As shown 1n FIG. 6, the reinforcing member 321 accord-
ing to the third modified example of the first embodiment of
the present invention 1s configured by an overlay type
cladding material 301 of a two-layer structure. Specifically,
the reinforcing member 321 is configured by a cladding
material 301 of a two-layer structure in which an Al layer
311 to be bonded to the fntted glass 22a and 226 and made
of an Al-based alloy, and a core layer 312 having a Z2 side
surface to which the Al layer 311 1s bonded and made of an
Fe—Ni based alloy are bonded. Further, the Al layer 311 and
the core layer 312 are bonded over the entire surface of the
72 side surface of the core layer 312, so that the cladding
material 301 constitutes an overlay type cladding material.
The thermal expansion coellicient X1 from 30° C. to 400° C.
of the Fe—Ni1 based alloy constituting the core layer 312 is
equal to or less than 11.5x107° (K™'). Note that the Al layer
311 and the core layer 312 are examples of the “first layer”
and the “second layer” according to the present imnvention,
respectively.

Further, the thickness t2¢ of the Al layer 311 1s preferably
equal to or larger than the thickness t3¢ of the core layer 312,
more preferably three times or more the thickness t3¢. More
preferably, the thickness t2¢ 15 six times or more the thick-
ness t3c. Further, other configurations of the third modified
example of the first embodiment are the same as those of the
first embodiment.

In the third modified example of the first embodiment, the
following eflects can be obtained.

In the third modified example of the first embodiment, as
described above, the cladding material 301 includes the core
layer 312 made of an Fe—Ni based alloy in which a thermal
expansion coetlicient X1 from 30° C. to 400° C. 1s equal to
or less than 11.5x107° (K™") and an Al layer 311 made of an
Al-based alloy and configured to be bonded to the iritted
glass 22a and 22b. Therefore, in the same manner as in the
first embodiment, 1t 1s possible to suppress peeling of the
reinforcing member 321 (Al layer 311) from the fritted glass
22a and 225 to be bonded while suppressing the occurrence
of cracks, breakages, etc., 1n the iritted glass 22a and 2254 to
be bonded due to the reimnforcing member 321.

In the third modified example of the first embodiment, the
reinforcing member 321 1s configured by a cladding material
301 of a two-layer structure. Compared with a case in which
a cladding material of a three-layer structure 1s formed, it 1s
possible to reduce the number of members required for
forming the cladding material 301 (the plate matenal for
forming the Al layer 13 of the first embodiment). Other
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cllects of the third modified example of the first embodiment
are the same as those of the second modified example of the
first embodiment.

Second Embodiment

Next, a second embodiment of the present invention will
be described with reference to FIGS. 7 and 8. In the second
embodiment, unlike the first embodiment 1n which the upper
surface side and the side surface sides of the sealing member
20 are exposed to the outside in the sealing part A, an
embodiment 1n which the sealing part B 1s formed 1nner than
the periphery of the glass plates 410a and 4106 will be

described.

The vacuum multilayer glass 400 according to the second
embodiment of the present invention 1s provided with, as
shown 1 FIG. 7, two glass plates 410aq and 4105 arranged
so as to face each other with a predetermined gap S2
therebetween and a sealing member 420 arranged at the
sealing part B (peripheral region) provided at the entire
circumierence of the peripheral portion of the vacuum
multilayer glass 400 for sealing the glass plate 410q and the
glass plate 4105 with the gap S2 therebetween. The length
(distance D2) between the glass plate 410a and the glass
plate 4105 1n the thickness direction (Z direction) of the gap
S2 1s about 200 um. Also, the sealing member 420 includes
a reinforcing member 421 made of a cladding matenal,
tritted glass 422a arranged between the reinforcing member
421 and the glass plate 410aq and configured to bond the
reinforcing member 421 and the glass plate 410qa, and iritted
glass 4225 arranged between the remnforcing member 421
and the glass plate 4105 and configured to bond the rein-
forcing member 421 and the glass plate 41056 together. Note
that the vacuum multilayer glass 400 1s an example of the

“multilayer glass™ according to the present invention and the
tritted glass 422a and 422b 1s an example of the “glass”
according to the present ivention.

Further, the glass plate 410a on the Z1 side and the glass
plate 4106 on the Z2 side each are formed into an approxi-
mately rectangular shape having approximately the same
s1ze as viewed from the Z direction 1n a plan view.

The sealing member 420 1s formed nto a frame shape so
as to be arranged at the sealing part B provided along the
entire circumierence of the peripheral portion of the vacuum
multilayer glass 400. The sealing part B 1s formed 1nner than
the periphery of the glass plates 410a and 4105. In the
sealing part B, only the outer side surface among side
surfaces of the sealing member 420 1s exposed to the
outside, and the inner side surface and the upper surface are
not exposed to the outside.

The iritted glass 422a of the sealing member 420 1s
arranged on the mnner side of the peripheral portion of the
glass plate 410a (on the 7Z2 side, the inner side of the
reinforcing member 421), and the Iritted glass 42256 1s
arranged on the outer side (the Z1 side, the outer side of the
reinforcing member 421) of the peripheral portion of the
glass plate 4105.

The reinforcing member 421 1s formed into a frame shape
(annular shape) so as to be arranged over the entire sealing
part B. Further, the reinforcing member 421 includes a flat
planar imner end portion 421a which 1s to be bonded to the
tritted glass 422a, a tlat planar outer end portion 4215 which
1s positioned upper (71 side) than the inner end portion 421a
and configured to be bonded to the fritted glass 42256, and an
inclined portion 421¢ connecting the inner end portion 421a
and the outer end portion 4215. Note that the inner end
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portion 421a and the outer end portion 4215 each are an
example of the “parallel part” according to the present
invention.

Further, the inner end portion 421a 1s formed in the
bonding region R11. The mnner end portion 421a 1s formed
so as to extend approximately in parallel to the bonding
surtace 410¢ of the glass plate 410a to which the fritted glass
422a 1s bonded. Further, the outer end portion 42156 1is
formed 1n the bonding region R12. The outer end portion
4215 1s formed so as to extend approximately in parallel to
the bonding surface 4104 of the glass plate 4105 to which
the Intted glass 42256 1s bonded.

Further, the inclined portion 421¢ 1s provided in the
non-bonding region R13. The inclined portion 421c 1s
formed so as to extend 1n an 1nclined state with respect to the
bonding surfaces 410¢ and 4104d.

In the reinforcing member 421, it 1s configured such that
the cross-sectional shape of the remnforcing member 421
which was originally 1n a flat-plate shape 1s formed into an
approximately Z-shape by being pressurized at the time of
sealing the glass plate 410a and the glass plate 4105. The
difference 1n the height position between the inner end
portion 421a and the outer end portion 4215 1n the thickness
direction (7 direction) 1s smaller than the difference between
the inner end portion 21a and the outer end portion 215 in
the reinforcing member 21 1n the first embodiment (see FIG.
2). Theretore, the inclination of the inclined portion 421c¢ 1s
gentler than the inclination of the inclined portion 21c¢ (see
FIG. 2) i the first embodiment. The thickness t1 of the
reinforcing member 421 1s equal to or more than about 100
um and equal to or less than about 200 um.

Further, 1n the same manner as 1n the first embodiment, as
shown 1n FIG. 8, the reinforcing member 421 1s constituted
by an overlay type cladding material 1 of a three-layer
structure. That 1s, the reinforcing member 421 1s constituted
by a cladding matenial of a three-layer structure 1 1n which
an Al layer 11 made of an Al-based alloy, a core layer 12
made of an Fe—Ni based alloy mn which the thermal
expansion coetlicient X1 from 30° C. to 400° C. 1s equal to
or less than 11.5x107° (K™'), and an Al layer 13 made of an
Al-based alloy are bonded. Further, 1t 1s configured such that
in the bonding region R11 of the inner end portion 4214, the
Al layer 13 arranged on the 71 side of the cladding material
1 and the fritted glass 422a are bonded, and 1n the bonding
region R12 of the outer end portion 4215, the Al layer 11
arranged on the Z2 side of the cladding material 1 and the
fritted glass 4226 are bonded. Other configurations of the
second embodiment are the same as those of the first
embodiment.

In the second embodiment, the following effects can be
obtained.

In the second embodiment, as described above, the clad-
ding material 1 includes the core layer 12 made of an Fe—Ni
based alloy 1n which the thermal expansion coeflicient X1
from 30° C. to 400° C. is equal to or less than 11.5x107°
(K™') and Al layers 11 and 13 each made of an Al-based
alloy and configured to be bonded to the fnitted glass 422a
and 422b, respectively. Therefore, 1n the same manner as 1n
the first embodiment, it 1s possible to suppress peeling of the
reinforcing member 421 (Al layers 11 and 13) from the
iritted glass 422a and 4226 while suppressing the occur-
rence of cracks, breakages, etc., 1n the fnitted glass 4225 and
422a due to the remnforcing member 421.

In the second embodiment, since the sealing part B 1s
tformed inner than the periphery of the glass plates 410aq and
4100, 1t 1s possible to prevent the portion of the sealing
member 420 other than the outer side surface from being
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exposed to the outside, which 1n turn can suppress corrosion
of the sealing member 420 arranged at the sealing part B.

In the second embodiment, the reinforcing member 421
which was originally 1n a flat-plate shape 1s configured such
that the cross-sectional shape 1s formed into an approxi-
mately Z-shape by being pressurized during the sealing of
the glass plate 410a and the glass plate 4105. With this
configuration, i1t 1s not required to bend the reinforcing
member 421 into an approximately Z-shape in advance,
which can simplily the producing process of the sealing
member 420 (reinforcing member 421). Other eflects of the
second embodiment are the same as those of the first
embodiment.

Modified Example of Second Embodiment

Next, a modified example of the second embodiment of
the present mvention will be described with reference to
FIG. 9. In this modified example of the second embodiment,
unlike the second embodiment in which the reinforcing
member 421 1s made of an overlay type cladding material 1,
an embodiment in which core layers 512a and 51256 of a
reinforcing member 521 are arranged only at positions
facing the bonding regions R11 and R12, respectively, will
be described. Note that the reinforcing member 521 1s one
example of the “glass bonding material” made of the clad-
ding material 501 according to the present invention.

As shown 1 FIG. 9, the reinforcing member 521 accord-
ing to the modified example of the second embodiment of
the present invention 1s made of a cladding material 501 in
which a two-layer structure 1s formed only in the bonding
regions R11 and R12 and a single layer structure (no layer
structure 1s formed) 1s formed in the region other than the
bonding regions R11 and R12.

Specifically, on the mnner side of the cladding material
501, an Al layer 511a made of an Al-based alloy to be
bonded to the fritted glass 422a and a core layer 512a made
of an Fe—Ni based alloy and arranged at a position facing
the bonding region R11 of the Z1 side Al layer 511a and the
tritted glass 422a 1n the thickness direction (Z direction) are
bonded. Further, on the outer side of the cladding material
501, an Al layer 5115 made of an Al-based alloy to be
bonded to the fritted glass 4225 and a core layer 5125 made
of an Fe—Ni based alloy and arranged at a position facing
the bonding region R12 of the Al layer 5115 and the iritted
glass 4225 1n the thickness direction are bonded. Further, 1n
the non-bonding region R13, only the Al portion 113¢ made
of an Al-based alloy 1s arranged over the entire thickness
direction. The thermal expansion coeflicient X1 from 30° C.
to 400° C. of the Fe—Ni based alloy constituting the core
layers 512a and 5125 is equal to or less than 11.5x107°
(K™1). Note that the Al layer 511a and the Al layer 5115 each
are an example of the “first layer” according to the present
invention and the core layers 512a and 5125 each are an
example of the “second layer” according the present inven-
tion.

At the position facing the bonding region R11, the core
layer 512a 1s arranged on the Z2 side surface opposite to the
bonding region R11, and at the position facing the bonding
region R12, the core layer 51256 1s arranged on the Z1 side
surface opposite to the bonding region R12. As a result, the
cladding material 501 has an inlay type cladding material
configuration. Other configurations of the modified example
of the second embodiment are the same as those of the
second embodiment.

In the modified example of the second embodiment, the
following eflects can be obtained.
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In the modified example of the second embodiment, as
described above, the cladding material 501 includes core
layers 512a and 51256 each made of an Fe—Ni1 based alloy
in which the thermal expansion coeilicient X1 from 30° C.
to 400° C. is equal to or less than 11.5x107° (K™') and Al
layers 511a and 35116 each made of an Al-based alloy and
configured to be bonded to the fntted glass 422a and 4225,
respectively. Therefore, in the same manner as 1n the first
embodiment, it 1s possible to suppress peeling of the rein-
forcing member 3521 (Al layers 511a and 3551b6) from the
fritted glass 422a and 4226 while suppressing the occur-
rence of cracks, breakages, etc., in the Iritted glass 422a and
422b due to the remforcing member 521.

In the modified example of the second embodiment, at the
position facing the bonding region R11, the core layer 5124
1s arranged on the Z2 side surface opposite to the bonding
region R11, and at the position facing the bonding region
R12, the core layer 5125 1s arranged on the Z1 side surface
opposite to the bonding region R12. Thus, compared with
the case where a core layer 1s embedded 1n the Al-based
alloy (for example, 1n the case of the first modified example
of the first embodiment shown i1n FIG. 4), the cladding
material 501 can be easily produced.

Further, 1n the modified example of the first embodiment,
even 1n cases where stress caused by a temperature difler-
ence between a pair ol glass plates (not illustrated) 1is
applied, since the Al portion 113¢ made of a stretchy
Al-based alloy having a small Young’s modulus 1s formed in
the entire thickness direction (7 direction) between the
bonding region R11 and the bonding region R12, the applied
stress can be suppressed. This makes 1t possible to more
cllectively suppress the occurrence of cracks, breakages,
ctc., 1n the fntted glass 422a and 42256 due to the reinforcing
member 521. Other effects of the modified example of the
second embodiment are the same as those of the second
embodiment.

First Example

Next, with reference to FIGS. 1, 3, and 10 to 13, a first

example carried out to confirm the effects of the present
invention will be described.

In the first embodiment, assuming that the cladding mate-
rial 1 shown 1n FIG. 3 1s used for a glass bonding material,
a plurality of overlay type cladding materials of a three-layer
structure (see F1G. 3) different in composition and thickness
were prepared. For each cladding maternial (test material),
the Young’s modulus and thermal expansion coeflicient
were measured. Further, the presence or absence of occur-
rence of cracks in fritted glass and the peel strength were
measured when the cladding material (test material) was
bonded to a glass plate made of soda-lime glass via the
fritted glass. In the first example, the thickness t1 (see FIG.
10) of the test piece was set to 100 um, and before the test,
the internal stress, etc., were removed by annealing each test
plece at an appropriate temperature.

Here, as each of test pieces of Examples 1 to 8 of the first
example, a cladding maternial of a three-layer structure in
which an Al layer made of A1030 (pure aluminum) con-
taining 99.5 mass % or more of Al, a core layer made of an
Fe—Ni based alloy in which the thermal expansion coetl-
cient from 30° C. to 400° C. was equal to or less than
11.5%x107° (K™"), and an Al layer made of A1050 were
laminated 1n this order was used. Here, in Examples 1 to 8,
at least one of the composition of the Fe—Ni1 based alloy
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constituting the core layer and the thickness ratio (Al:Fe—
N1 based alloy:Al) of the Al layer, the core layer, and the Al
layer was changed.

Specifically, as shown i FIG. 13, as a test piece of
Example 1, a core layer made of an Fe-36N1 alloy made of
36 mass % of N1 and the balance being Fe and inevitable
impurity elements was used, and a cladding material 1n
which Al:Fe—Ni1 based alloy: Al was set to 1:3:1 was used.
Further, as the test piece of Example 2, the same cladding
material as in Example 1 was used except that Al:Fe—Ni
based alloy:Al was set to 3:1:3.

Further, as a test piece of Example 3, a core layer made
of an Fe-42N1-6Cr alloy (so-called 426 alloy) made of 42
mass % of N1, 6 mass % of Cr, and the balance being Fe and
inevitable 1mpurity elements was used, and a cladding
material in which Al:Fe—Ni based alloy: Al was set to 1:1:1
was used. Further, as the test piece of Example 4, the same
cladding material as 1n Example 3 was used except that
Al:Fe—Ni based alloy:Al was set to 2:1:2. Further, as the
test piece ol Example 5, the same cladding maternial as in
Example 3 was used except that Al:Fe—Ni1 based alloy: Al
was set to 3:1:3.

Further, as a test piece of Example 6, a core layer made
of an Fe-30N1-16Co-6Cr alloy made of 30 mass % of N1, 16
mass % ol Co, 6 mass % of Cr, and the balance being Fe and
inevitable impurity elements was used, and a cladding
material 1n which Al:Fe—Ni1 based alloy: Al was set to 3:1:3
was used. Further, as a test piece of Example 7, a core layer
made of an Fe-34N1-7.4Co-6Cr alloy made of 34 mass % of
N1, 7.4 mass % of Co, 6 mass % of Cr, and the balance being
Fe and inevitable impurity elements was used, and a clad-
ding material in which Al:Fe—Ni based alloy: Al was set to
3:1:3 was used. Further, as a test piece of Example 8, a core

layer made of an Fe-40N1-7.4Co-6Cr alloy made of 40 mass
% of N1, 7.4 mass % of Co, 6 mass % of Cr, and the balance
being Fe and inevitable impurity elements was used, and a
cladding material in which Al:Fe—Ni based alloy: Al was set
to 3:1:3 was used.

On the other hand, as shown 1n FIG. 12, as a test piece of
Comparative Example 1, an Al single plate made of A1050
(pure Al) was used. Further, as a test piece of Comparative
Example 2, a single plate made of an Fe-32N1-8Co alloy
made of 32 mass % of Ni, 8 mass % of Co, and the balance
being Fe and inevitable impurity elements was used. Further,
as a test piece of Comparative Example 3, a single plate
made of an Fe-42N1 alloy made of 42 mass % of N1 and the
balance being Fe and inevitable impurity elements was used.
Further, as a test piece of Comparative Example 4, a single
plate made of an Fe-48N1 alloy made of 48 mass % of N1 and
the balance being Fe and inevitable impurnity elements was
used. Further, as a test piece of Comparative Example 3, a
single plate made of an Fe-48Ni1-3Cr alloy made of 48 mass
% of Ni, 3 mass % of Cr, and the balance being Fe and
inevitable impurity elements was used. Further, as a test
piece of Comparative Example 6, a single plate made of an
Fe-25Cr-3Al alloy made of 25 mass % of Cr, 5 mass % of
Al, and the balance being Fe and inevitable impurnty ele-
ments was used.

For each test piece, the Young’s modulus was measured
by a general resonance method, and the thermal expansion
coellicient from 30° C. to 400° C. was measured by a general
TMA (Thermal Mechanical Analysis).

A paste containing B1,0, based powdery glass {rit having
a thermal expansion coefficient of 8.0x107° (K™') was
applied on a glass plate made of soda-lime glass 1n which the
thermal expansion coefficient was 8.5x107° (K™'), and the
test piece was placed on the applied paste. Thereafter, 1n a
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state 1n which a load of 0.2 MPa was applied to the test
piece, 1t was held for 30 minutes under the temperature
condition of 500° C. With this, by melting the powdered
glass Irit, the glass plate and the test piece were bonded via
the Intted glass.

Thereafter, after cooling to room temperature, the cross-
section of the fnitted glass was observed to check whether or
not there occurred cracks in the intted glass. When the
occurrence of cracks was observed, a mark x (cross mark)
was allotted in FIGS. 12 and 13, and when the occurrence of
cracks was not observed, o (circle mark) was allotted 1n
FIGS. 12 and 13.

Note that cracks occur due to the thermal stress acting
between the glass plate and the cladding material (test piece)
when the Intted glass 1s heated and melted and then cooled
to room temperature.

The peel strength (peeling strength) was also measured by
a peel strength test (90 degree peel test). Specifically, as
shown 1 FIGS. 10 and 11, a glass plate 610 made of
soda-lime glass and a test piece 621 (cladding matenal or
single plate as shown by a dotted line) were bonded approxi-
mately 1n parallel to the surface direction of the glass plate
610 via the tritted glass 622 made of B1,0, based fritted
glass. Then, 1n a state in which the glass plate 610 was fixed
to the tensile testing j1g 6004, the test piece 621 was pulled
in a direction perpendicular (upward, on the Z1 side) to the
plane direction of the glass plate 610 (the direction parallel
to the bonding surface). As a result, the stress was concen-
trated on the bonded end portion 6005 on the pulled side
among the bonding surface in the bonding region between
the Intted glass 622 and the test piece 621, so that the test
piece 621 was peeled ofl from the fnitted glass 622 with the
bonded end portion 6006 as the peeling starting point. The
peel strength (peel strength 1n a peel mode) was measured by
measuring the maximum strength during the peeling.

The results of the first embodiment shown in FIGS. 12
and 13 were as follows: mn Comparative Example 1 and
Examples 2 to 8 in which the Young’s modulus was 110 GPa
or less, the peel strength was increased (0.5 N/mm or more);
on the other hand, 1n Comparative Examples 2 to 6 and
Example 1 1n which the Young’s modulus was larger than
110 GPa, the peel strength became smaller (0.1 N/mm or
less). From the results of FIG. 12, in the test piece with a
suilicient surface layer made of an Al, the result of the peel
strength was high, and among the test pieces shown in FIG.
12, 1t 1s considered that at least Al 1s ligh in adhesion
indicating the essential bonding property with the iritted
glass. In Example 1, the bonding strength 1n the peel mode
1s low. This 1s due to the influence (Young’s modulus) of the
measurement method, and it 1s considered that the adhesion
itsell 1s high since Al 1s arranged at the surface layer.
Furthermore, 1n Example 1, no occurrence of cracks due to
thermal expansion has been confirmed. Therefore, the
Young’s modulus of the cladding material does not affect in
an application requiring a bonding strength other than 1n a
peel mode, for example, the bonding strength 1n a shear
mode, so 1t 1s considered to be applicable even 1n Example
1.

In the peel strength measurement method, as shown in
FIG. 10, when the Young’s modulus of the test piece 621 1s
larger than 110 GPa (1n the case where the Young’s modulus
1s large), the test piece 621 1s less likely elastically
deformed. Therefore, the curvature radius r of the bent
deformed portion 600c in the vicinity of the bonded end
portion 6000 when the test piece 621 1s pulled becomes
large. As a result, the distance L in the plane direction
between the bonded end portion 6005 (peeling portion
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interface) and the portion C of the test piece 621 to which a
load perpendicular to the bonding surface between the fritted
glass 622 and the test piece 621 1s applied 1s increased. With
this, due to the principle of leverage, since large stress
(moment) 1s added to the bonded end portion 60056, 1t 1s
considered that the test piece 621 became likely to be peeled
ofl from the fritted glass. On the other hand, as shown 1n
FIG. 11, when the Young’s modulus of the test piece 621 1s
110 GPa or less (when the Young’s modulus 1s small), the
test piece 621 1s easily elastically deformed. Therefore, the
radius of curvature r of the bent deformed portion 600¢c when
the test piece 621 1s pulled 1s reduced. As a result, the
distance L in the plane direction between the bonded end
portion 6005 and the portion C of the test piece 621 becomes
short. With this, due to the principle of leverage, since large
stress (moment) was not applied to the bonded end portion
6005, 1t 1s considered that the test piece 621 was less likely
to be peeled ofl from the intted glass 622. Further, in
Comparative Examples 2 to 5, it 1s considered that the peel
strength was reduced also by bonding the Al-free alloy
having high adhesion to the glass and the fritted glass.

Here, as a method of measuring the bonding strength
between a metal material (a cladding material and a metal
single plate) and Intted glass, when the measurement 1s
performed 1n a peel mode (a mode 1n which a metal material
1s peeled off from the iritted glass from the bonded end
portion of among bonding surfaces as a peeling starting
point), 1t 1s required to consider that the stress generated at
the peeling portion 1nterface differs not only by the adhesion
indicating the essential bonding performance between the
metallic material and the iritted glass but also by the
magnitude of the radius of curvature r (see FIGS. 10 and 11)
of the bent deformed portion 600¢ caused when pulling the
metal material upward from one end of the bonding surface.
Therefore, when the adhesive property indicating the sub-
stantial bonding property 1s the same, the metal material
small in radius of curvature r and small 1n Young’s modulus
at the peeling portion interface becomes higher 1 peel
strength, which 1s considered to be preferable as a reinforc-
ing member (glass bonding matenal).

In Comparative Example 1 and Examples 2, 4 to 8 1n
which the Young’s modulus of the test piece was 100 GPa
or less, the peel strength was further increased (1.2 N/mm or
more), and 1n Comparative Example 1, Examples 2, 5 to 8
in which the Young’s modulus of the test piece was 90 GPa
or less, the peel strength was further increased (1.8 N/mm or
more). With this, 1t turned out that it 1s possible to make 1t
dificult to be peeled off from the Iritted glass by reducing
the Young’s modulus of the test piece to increase the peel
strength.

In Comparative Examples 4 and 5 and Example 1 to 8 1n
which the thermal expansion coefficient Xx107° (K~ ') of the
test piece satisfied the relationship of 7.5x11.5, the occur-
rence ol cracks was not observed. On the other hand, 1n
Comparative Examples 1 to 3 and 6 in which the thermal
expansion coeflicient Xx107° (K™') of the test piece did not
satisty the relationship of 7.5x11.5, the occurrence of cracks
was observed. This 1s due to the fact that when heated to
500° C. and then cooled to room temperature, although
thermal stress due to the difference 1n the degree of heat
shrinkage occurs in the fnitted glass arranged between the
glass plate made of soda-lime glass 1n which the thermal
expansion coeflicient was 8.5x107° (K™') and the test piece,
at this time, when the thermal expansion coeflicient Xx107°
(K™) of the test piece satisfied the relationship of 7.5x11.5,
only thermal stress which can be resisted by the fritted glass
occurred. Therefore, 1t 1s considered that no occurrence of
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cracks was observed 1n the iritted glass. On the other hand,
when the thermal expansion coeflicient Xx107° (K™') of the

test piece did not satisiy the relationship of 7.5=x<11.5, 1t 1s
considered that the occurrence of cracks was observed 1n the
fritted glass as a thermal stress occurred to the extent that the
fritted glass could not resist.

As a result, it 1s considered that all of Examples 1 to 8 1n
which the occurrence of cracks was not observed are suit-
able as a cladding material for a reinforcing member (glass
bonding material) to be bonded to a glass plate made of
soda-lime glass 1n which the thermal expansion coeflicient 1s
8.5x107° (K™") via Bi,O, based fritted glass in which the
thermal expansion coeflicient is 8.0x107° (K™). Further, it is
considered that Examples 2 to 8 in which the occurrence of
cracks was not observed and the peel strength was large 1s
more suitable as a cladding material used for a reinforcing,
member (glass bonding material). Further, 1t 1s considered
that Examples 2 and 4 to 8 1n which the occurrence of cracks
was not observed and the peel strength was large 1s further
more suitable as a cladding material used for a reinforcing,
member (glass bonding material).

Further, from the results of Examples 1 and 2, 1n the case
where the core layer was made of an Fe-36Ni1 alloy, when the
thickness of the core layer was small (Example 2), compared
with the case 1in which the thickness of the core layer was
large (Example 1), the Young’s modulus was small and the
peel strength was large. In the same manner, also from the
results of Examples 3 to 5, 1n the case 1n which the core layer
was made of an Fe-42Ni1-6Cr alloy, when the thickness of
the core layer was small (Examples 4 and 3), compared with
the case 1n which the thickness of the core layer was large
(Example 3), the Young’s modulus was small and the peel
strength was large. From these results, it was turned out that
the Young’s modulus can be decreased and the peel strength
can be increased by decreasing the thickness of the core
layer and increasing the thickness of the Al layer.

Second Example

Next, with reference to FIGS. 6, 10 and 14, a second
example carried out to confirm the effects of the present
invention will be described.

In the second Example, assuming that the cladding mate-
rial 301 shown 1n FIG. 6 1s used for the glass bonding
material, a plurality of overlay type cladding matenals (see
FIG. 6) of a two-layer structure different in thicknesses were
prepared. For each cladding material (test piece), the peel
strength was measured when the cladding matenal (test
piece) was bonded to a glass plate made of soda-lime glass
via Intted glass. Also in the second Example, the thickness
tl (see FIG. 10) of the test piece was set to 100 um, and
before the test, the internal stress, etc., were removed by
annealing each test piece at an appropriate temperature.

Here, as a test piece of Examples 11 to 13 of the second
Example, as shown i FIG. 14, a cladding matenal of a
two-layer structure in which an Al layer made of A1050

(pure Al) and an Fe-30N1-16Co-6Cr alloy made of 30 mass
% of N1, 16 mass % of Co, 6 mass % of Cr, and the balance
being Fe and inevitable impurity elements (the thermal
expansion coethicient from 30° C. to 400° C. was equal to or
less than 11.5x107° (K™ ")) were laminated was used. Here,
in Examples 11 to 13, the thickness ratio (Al: Fe—Ni based
alloy) of the Al layer and the core layer was changed. The
thermal expansion coeflicient from 30“ C. to 400° C. of
Fe-30Ni-16Co-6Cr alloy was 8.4x107° (K™).

Specifically, as the test piece of Example 11, a cladding
material 1n which Al:Fe—Ni based alloy was set to 1:1 was
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used. Further, as the test piece of Example 12, a cladding
material 1n which Al:Fe—Ni1 based alloy was set to 3:1 was
used. Further, as the test piece of Example 13, a cladding
material in which Al:Fe—Ni1 based alloy was set to 6:1 was
used.

On the other hand, as a test piece of Comparative
Example 1a, an Al single plate made of A1050 was used.

Then, a paste containing Bi1,0, based powdery glass frit
having a thermal expansion coefficient of 8.0x107° (K™)
was applied on a glass plate made of soda-lime glass in
which the thermal expansion coeflicient was 8.5x107° (K1),
and the test piece was placed on the applied paste. There-
after, 1n a state 1n which a load of 0.2 MPa was applied to
the test piece, it was held for 30 minutes under the tempera-
ture condition of 500° C. With this, by melting the powdered
glass Irit, the glass plate and the test piece were bonded via
the Ifritted glass. Thereatter, after cooling to room tempera-
ture, the peel strength was measured by the peel strength test
described above (90 degree peel test, see FIG. 10).

The result of the second example shown 1n FIG. 14 was
that in Example 13 1n which the thickness ratio was 6:1, the
peel strength became larger (2.7 N/mm) than the peel
strength (1.8 N/mm) of the Al single plate of Comparative
Example 1a. From the result, 1t was turned out that the peel
strength can be increased than the Al single plate of Com-
parative Example 1a by sufliciently decreasing the thickness

of the core layer and sufliciently increasing the thickness of
the Al layer.

Third E

Example

Next, with reference to FIGS. 6, 10, and 15, a third
example carried out to confirm the eflects of the present
invention will be described.

In the third example, different from the aforementioned
second example, a plurality of overlay type cladding mate-
rials (see FIG. 6) of a two-layer structure different in
Al-based alloy composition were prepared. For each clad-
ding material (test piece), the peel strength when bonding
the cladding material (test piece) to a glass plate made of
soda-lime glass via Intted glass was measured. Also 1n the
third example, the thickness t1 (see FIG. 10) of the test piece
was set to 100 um, and before the test, the internal stress,
etc., were removed by annealing each test piece at an
appropriate temperature.

Here, as a test piece of Examples 21 to 24 of the third
Example, as shown in FIG. 15, a cladding material of a
two-layer structure in which an Al layer made of an Al-based
alloy different 1n composition and a core layer made of an
Fe-30N1-16Co-6Cr alloy made of 30 mass % of N1, 16 mass
% of Co, 6 mass % of Cr, and the balance belng Fe and
inevitable 1mpur1ty clements (the thermal expansion coetl-
cient: 8.4x107° (K™1)) were laminated was used. Further, in
Examples 21 to 24, the thickness ratio (Al-based alloy:Fe—
N1 based alloy) of the Al layer and the core layer was set to
6:1.

Specifically, as the Al-based alloy constituting the Al layer
of the test piece of Example 21, a high purity Al containing
99.9 mass % or more of Al was used. Further, as the
Al-based alloy constituting the Al layer of the test piece of

Example 22, A1050 containing 0.25 mass % or less of Si,
0.40 mass % or less of Fe, 0.05 mass % or less of Cu, 0.05

mass % or less of Mn, 0.05 mass % or less of Mg, 0.05 mass
% or less of Zn, and 99.5 mass % or more of Al in which the
sum of S1, Fe, Cu, Mn, Mg and Zn 1s less than 0.5 mass %

was used.
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Further, as the Al-based alloy constituting the Al layer of
the test piece of Example 23, A50352 containing 0.25 mass %

or less of S1, 0.40 mass % or less of Fe, 0.10 mass % or less
of Cu, 0.10 mass % or less of Mn, 2.2 mass % or more and
2.8 mass % or less of Mg, 0.15 mass % or more and 0.35
mass % or less of Cr, 0.10 mass % or less of Zn, and the
balance being Al was used. Further, as the Al-based alloy
constituting the Al layer of the test piece of Example 24, an
Al-based alloy corresponding to A4047 containing 12 mass
% of S1 was used. Note that the exact content of the
inevitable impurity elements and that of the balance Al 1n the
Al-based alloy of Example 24 were not measured. Here, the
Al-based alloy constituting the Al layer of the test piece of
Examples 23 and 24, an Al of 99.0 mass % or more was not
contained.

In the same manner as in the aforementioned second
example, by melting the fritted glass, the glass plate and the
test piece were bonded via the fritted glass. Thereafter, after
cooling to room temperature, the peel strength was mea-
sured by the peel strength test described above (90 degree
peel test, see FIG. 10).

The result of the third example shown in FIG. 135 was that
in Examples 21 and 22 containing 99.0 mass % (99.5 mass
%) or more of Al, compared with Examples 23 and 24 not
containing 99.0 mass % or more of Al, the peel strength
became larger. From this result, 1t turned out that in the
Al-based alloy constituting the Al layer to be bonded to the
fritted glass, by decreasing the content rate of impurities by
increasing the content ratio of Al, the adhesion between the
iritted glass and the Al layer was improved and the peel
strength could be improved. Further, from the results of
Examples 23 and 24, 1t was also turned out that an Al—Si1
alloy such as A404°7 1s more suitable for bonding with fritted

glass than an Al—Mg alloy such as A5052.

Reference Example

Next, with reference to FIG. 16, a corrosion resistance test
of an Fe—Ni1 based alloy having a thermal expansion
coeflicient from 30° C. to 400° C. of 11.5x107° (K™1) or less
and used as a core layer will be described.

In Reference Examples 1 to 8, plate materials made of an
Fe—Ni based alloy different 1n composition were prepared.
Specifically, as a plate member of Reference Example 1, a
plate member made of an Fe-48Ni1 alloy made of 48 mass %
of N1 and the balance being Fe and inevitable impurity
clements was used. Further, as a plate member of Reference
Example 2, a plate member made of an Fe-48N1-2Cr alloy
made of 48 mass % of N1, 2 mass % of Cr, and the balance
being Fe and inevitable impurity elements was used. Further,
as a plate member of Reference Example 3, a plate member
made of an Fe-48N1-4Cr alloy made of 48 mass % of Ni, 4
mass % of Cr, and the balance being Fe and inevitable
impurity elements was used. Further, as a plate member of
Reference Example 4, a plate member made of an Fe-48Ni-
6Cr alloy made of 48 mass % of N1, 6 mass % of Cr, and the
balance being Fe and inevitable impurity elements was used.

Further, as a plate member of Reference Example 35, a
plate member made of an Fe-30N1-16Co alloy made of 30
mass % ol N1, 16 mass % of Co, and the balance being Fe
and 1nevitable impurity elements was used. Further, as a
plate member of Reference Example 6, a plate member
made of an Fe-30N1-16Co-2Cr alloy made of 30 mass % of
N1, 16 mass % of Co, 2 mass % of Cr, and the balance being
Fe and inevitable impurity elements was used. Further, as a
plate member of Reference Example 7, a plate member

made of an Fe-30N1-16Co-4Cr alloy made of 30 mass % of
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N1, 16 mass % of Co, 4 mass % of Cr, and the balance being
Fe and evitable impurnty elements was used. Further, as a
plate member of Reference Example 8, a plate member
made of an Fe-30N1-16Co-6Cr alloy made of 30 mass % of
N1, 16 mass % of Co, 6 mass % of Cr, and the balance being
Fe and inevitable impurity elements was used.

On the other hand, as a plate member of Comparative
Example 1b, an Al single plate made of A1050 was used.

Then, a salt spray test in accordance with JIS 22371 was
conducted. Specifically, under the temperature condition of
(35+2)° C., saltwater in which the salt (sodium chlornde)
concentration was (50+35) g/IL was sprayed on each plate
material. Then, the corrosion degree (rusting condition) of
the plate matenial surface was observed at each of 12 hours
(12 h), 24 hours (24 h) and 48 hours (48 h) from the start of
spraying. Here, 1n FIG. 16, when approximately no corro-
sion was observed, a circle (circle) 1s allotted. In addition,
when although corrosion was observed somewhat, 1t was of
such a degree that no problem occurred even when used, A
(triangle mark) was allotted. Further, when corrosion was
observed to a certain extent that a problem could occur when
used, x (cross) was allotted.

The results of the reference example shown in FIG. 16
were that 1n Reference Examples 1, 2, 5, and 6 containing 2
mass % or less of Cr, corrosion was confirmed at 12 h and
obvious corrosion was observed at 24 h. Further, in Refer-
ence Examples 3 and 7 containing 2 mass % or more and 4
mass % or less of Cr, corrosion was confirmed at 24 h and
obvious corrosion was observed at 48 h. On the other hand,
in Reference Examples 4 and 8 containing 4 mass % or more
of Cr, 1n the same manner as in Comparative Example 1b,
corrosion was confirmed at 48 h but it was at a no-problem
level. Therefore, 1t was turned out that as a glass bonding
material to be arranged in a portion requiring corrosion
resistance, 1t 1s preferable to use a core layer made of an
Fe—Ni based alloy containing 4 mass % or more of Cr, and
that 1t 1s more preferable to use a core layer made of an
Fe—Ni based alloy containing 6 mass& or more of Cr. In the
case of using an Fe—Ni based alloy having a small content
of Cr as the core layer as in the case of containing 2 mass
% or less of Cr, by applying corrosion resistance plating to
the exposed portion of the core layer, it 1s also possible to
suppress corrosion of the core laver.

Therefore, from the aforementioned first to third
Examples, from the viewpoint of suppressing the occurrence
of cracks or breakages, the magnitude of peel strength, and
the high corrosion resistance, at present, it 1s considered that
a cladding material of a two-layer structure in which an Al
layer made of A1050 (pure Al) used 1n Example 13 and a
core layer made of an Fe-30N1-16Co-6Cr alloy are lami-
nated and Al:Fe—Ni based alloy 1s set to 6:1 1s most suitable
as a material used for a reinforcing member (glass bonding
material) for bonding an Al layer and soda-lime glass via
B1,0, based ftritted glass.

Further, from the viewpoint of suppressing the occurrence
of cracks or breakages, the magnitude of peel strength, and
the high corrosion resistance, 1t 1s considered that a cladding
maternal of a three-layer structure 1n which an Al layer made
of A1030 (pure Al) used 1n Example 5 to 8, a core layer made
of an Fe-(30 to 42)N1-(0 to 16)Co-6Cr alloy, and an Al layer
made o1 A1030 are laminated and Al:Fe—Ni based alloy: Al
1s set to 3:1:3 1s rather suitable as a material used for a
reinforcing member (glass bonding material) for bonding an
Al layer and soda-lime glass via B1,0; based fnitted glass. In
the same manner, 1t 1s considered that a cladding matenal of
a two-layer structure in which an Al layer made of A1050
(pure Al) used in Example 12 and a core layer made of an
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Fe-30N1-16Co-6Cr alloy are laminated and Al:Fe—Ni1 based
alloy 1s set to 3:1 1s also rather suitable as a material used for
a reinforcing member (glass bonding material) for bonding
an Al layer and soda-lime glass.

Further, from the viewpoint of suppressing the occurrence
of cracks or breakages and the magnitude of peel strength,
except of the viewpoint of the corrosion resistance, 1t 1s
considered that a cladding material of a three-layer structure
in which an Al layer made of A1050 (pure Al) used 1n
Example 2, a core layer made of an Fe-36N1 alloy, and an Al
layer made of A1050 are laminated and Al:Fe—Ni1 based

alloy:Al 1s set to 3:1:3 1s rather suitable as a matenal used
for a reinforcing member (glass bonding material) for bond-
ing an Al layer and soda-lime glass via B1,0, based fritted
glass.

Furthermore, 1t 1s considered that 1t 1s more suitable as a
cladding material used for a remnforcing member (glass
bonding material) by configuring an Al layer by high purity
Al (content rate of 99.9 mass % or more of Al) instead of
A1030.

It should be understood that the embodiments and
examples disclosed here are examples 1n all respects and are
not restrictive. The scope of the present invention 1s shown
by claims rather than the descriptions of the embodiments
and the examples described above, and covers all changes
(modifications) within the meaning of equivalence and
claims.

For example, 1n the first and second embodiments and the
modifications described above, examples 1n which the rein-
forcing members (glass bonding materials) of the present
invention are used for the sealing part A(B) of the vacuum
multilayer glass 100(400) are exemplified, but the present
invention 1s not limited to them. In the present invention, the
glass bonding material of the present invention may be used
tor parts other than the sealing part of the vacuum multilayer
glass, and the glass bonding material of the present invention
may be used for portions requiring bonding by glass other
than vacuum multilayer glass. For example, the glass bond-
ing material of the present mnvention may be used for parts
of the vacuum multilayer glass other than the sealing part
such as the discharge port, and the glass bonding material of
the present invention may be used for the sealing part of the
display which requires bonding by glass. Even in cases
where the glass bonding material of the present invention 1s
used for the alorementioned applications, since the bonding
between the Al-based alloy constituting the first layer and
glass 1s favorable, it 1s possible to suppress peeling of the
glass bonding material from the glass.

Further, 1n the first and second embodiments and the
modified examples, examples are shown in which the Al
layer of the cladding material and the glass plate made of
soda-lime glass are bonded via fritted glass, but not limited
to them. In the present invention, the member to be bonded
via Intted glass may be a glass member other than soda-lime
glass. For example, a non-alkali1 glass (thermal expansion
coefficient: about 3.8x107° (K™")) produced using materials
such as silica sand (S10,), alumina (Al,O;), boron oxide
(B,O,), etc., may be used. Further, the member to be
connected via the fritted glass may be a member other than
glass such as a S1 substrate. In these cases, 1t 15 preferable
that the thermal expansion coefficient Xx107° (K™") from
30° C. to 400° C. of the cladding material having an Al layer
satisiy the relationship of (X2-1)=X=(X2+3) with respect to
the thermal expansion coeflicient X2x107° (K™") from 30°
C. to 400° C. via the Intted glass since the occurrence of
cracks, breakages, etc., 1n the fritted glass can be suppressed.
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Further, 1n the first and second embodiments and the
modified examples, examples are shown in which the Al
layer of the cladding material and the glass plate are bonded
via Intted glass made of fntted B1,0O; based glass, but the
present mnvention 1s not limited to them. In the present
invention, the fritted glass for bonding the Al layer and the
glass plate may be fritted glass other than B1,0, based glass
such as B(boron) based or V(vanadium) based fritted glass.
At this time, the intted glass 1s preferably {iritted glass
having a thermal expansion coeflicient close to the thermal
expansion coellicient of the glass plate and the thermal
expansion coellicient of the cladding material having the Al
layer. Further, the Al layer of the cladding material consti-
tuting the glass bonding material and the Al layer constitut-
ing the cladding material may be bonded via glass other than
fritted glass.

In the first and second embodiments and the modifica-
tions, examples 1n which the peel strength 1s considered are
shown, but the present invention 1s not limited thereto. In the
present invention, the configuration of the glass bonding
material may be taken into consideration based on param-
cters other than peel strength, depending on the position
where the sealing member 1s arranged. For example, based
on the shear strength, the configuration of the glass bonding
material may be considered. At this time, even in the case of
a cladding material 1n which the Young’s modulus 1s greater
than about 110 Ga or a cladding material 1n which the
thermal expansion coeflicient is less than about 7.5x107°

K™) or greater than about 11.5x107° (K™), it is considered
that there 1s enough possibility that 1t can be suitably used as
a glass bonding material.

Further, 1in the first and second embodiments and the
modifications, examples 1n which the Young’s modulus of
the reinforcing member (glass bonding material) 1s about
110 GPa or less are shown, but the present invention 1s not
limited thereto. In the present invention, 1n cases where the
thermal stress generated when bonding the glass plate and
the glass bonding material via the fritted glass 1s small, or the
peel mode stress 1s not applied to the bonded portion
between the glass plate and the glass bonding matenal, the
Young’s modulus of the glass bonding material may be
larger than 110 GPa.

Further, 1n the first and second embodiments, and modi-
fied examples, examples in which the thermal expansion
coefficient Xx107° (K™) from 30° C. to 400° C. of the
reinforcing member 1s configured to satisty the relationship
of about 7.5=X<11.5 are shown, but the present invention 1s
not limited to that. In the present invention, when the
thermal stress generated when bonding the fritted glass 1s
small, etc., 1t 1s not required that the thermal expansion
coefficient Xx107° (K™) from 30° C. to 400° C. of the
reinforcing member satisfies the relationship of about
7.5=X=<11.5.

Although an example i which the reinforcing member
121 made of the cladding material 101 according to the first
modification of the first embodiment 1s replaced with a
reinforcing member 21 made of the cladding material 1 of
the vacuum multilayer glass 100 of the first embodiment
shown 1n FIGS. 1 and 2 1s shown, the present invention 1s
not limited to this. In the present invention, the reinforcing
member 121 made of the cladding material 101 of the first
modification of the first embodiment may be applied in place
of the reinforcing member 421 made of the cladding mate-
rial 401 of the vacuum multilayer glass 400 of the second
embodiment shown 1 FIG. 7.

Further, 1n the first embodiment, an example 1n which the

Al layer 11 (first layer) and the Al layer 13 (thard layer) are
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constituted by the same Al-based alloy and have approxi-
mately the same thickness, however, the present invention 1s
not limited thereto. In the present invention, the first layer
and the third layer may be made of Al-based alloys different
from each other, or the thickness of the first layer and the
thickness of the third layer may be different from each other.
Further, 1n the first embodiment, an example in which the
Young’s modulus of the Al-based alloy constituting the Al
layers 11 and 13 1s set to be smaller than the Young’s
modulus of the Fe—Ni1 based alloy constituting the core
layer 12 and the thickness t2 of the Al layers 11 and 13 1s set
to be equal to or larger than the thickness t3 of the core layer
12, but the present invention i1s not limited thereto. In the
present invention, the Young’s modulus of the Al-based
alloy constituting the Al layer may be equal to or larger than
the Young’s modulus of the Fe—Ni1 based alloy constituting
the core layer. Further, the thickness of the Al layer may be
ess than the thickness of the core layer.
Further, 1in the first and second embodiments and modified
examples, examples 1n which the thermal expansion coel-
ficient X1x107° (K™1) from 30° C. to 400° C. of the Fe—Ni
based alloy constituting the core layer satisfies the relation-
ship of about 7.5=X=<11.5 are shown, but the present inven-
tion 1s not limited to this. In the present invention, it 1s
preferable to use an Fe—Ni1 based alloy having a thermal
expansion coellicient close to the thermal expansion coel-
ficient value of the glass to be bonded such as fritted glass
which 1s actually used. As a result, there occurs that the
thermal expansion coetlicient X1 of the Fe—Ni1 based alloy
1s preferably less than about 7.5, depending on the type of
glass to be bonded.
What 1s claimed 1s:
1. A glass bonding material for bonding glass plates to
each other:;
the glass bonding material comprising a iritted glass and
a cladding material;

wherein the cladding material comprises at least a first
layer made of an Al-based alloy bonded to a second
layer made of an Fe—Ni based alloy having a thermal
expansion coellicient from 30° C. to 400° C. of 11.5x%
107° (K™) or less,

wherein the first layer has a region that 1s capable of being

bonded to the glass plates via the fritted glass, and
wherein the thickness of the first layer 1s twice or more the
thickness of the second layer.

2. The glass bonding material according to claim 1,
wherein a Young’s modulus of the cladding material 1s 110
GPa or less.

3. The glass bonding material according to claim 1,
wherein the glass plates are made of soda-lime glass, and

a thermal expansion coeflicient Xx107° (K™") from 30° C.

to 400° C. of the cladding material satisfies a relation-
ship of 7.5=X<11.3.

4. The glass bonding material according to claim 1,
wherein

a Young’s modulus of the first layer made of the Al-based

alloy 1s smaller than a Young’s modulus of the second
layer made of the Fe—Ni based alloy.

5. The glass bonding material according to claim 1,
wherein the second layer made of the Fe—Ni1 based alloy 1s
arranged at a position opposed to a region where the {first
layer and the fritted glass are bonded in a thickness direction
of the cladding matenial.

6. The glass bonding material according to claim 1,
wherein the cladding material 1s made of an overlay type
cladding material of a three-layer structure in which the first
layer, the second layer, and a third layer are bonded, the third
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layer being made of an Al-based alloy and bonded to a
surface of the second layer opposite to a surface to which the
first layer 1s bonded.

7. The glass bonding matenial according to claim 6,
wherein the first layer and the thuird layer have approxi-
mately the same thickness.

8. The glass bonding matenial according to claim 1,
wherein the Fe—Ni based alloy constituting the second
layer comprises 28 mass % or more and 50 mass % or less
of N1, O mass % or more and 20 mass % or less of Co, 0 mass
% or more and 8 mass % or less of Cr, and the balance being
Fe and inevitable impurity elements.

9. The glass bonding maternial according to claim 8,
wherein the Fe—Ni based alloy constituting the second
layer contains 4 mass % or more and 8 mass % or less of Cr.

10. The glass bonding material according to claim 1,
wherein the Al based alloy constituting the first layer con-
tains 99.0 mass % or more of Al.

11. The glass bonding material according to claim 1,
wherein the glass bonding material 1s used for a sealing part
of a vacuum multilayer glass.

12. The glass bonding material according to claim 2,
wherein a Young’s modulus of the cladding material 1s 85
GPa or more and 100 GPa or less.

13. The glass bonding material according to claim 1,
wherein the second layer 1s not arranged at a position facing
a region where the first layer and the fritted glass are not
bonded but 1s arranged at a position opposed to a region
where the first layer and the fnitted glass are bonded.

14. The glass bonding material according to claim 13,
wherein the first layer 1s arranged both in the region where
the first layer and the Intted glass are bonded and in the
region where the first layer and the Intted glass are not
bonded.

15. The glass bonding material according to claim 1,
wherein a Young’s modulus of the first layer made of the
Al-based alloy 1s smaller than a Young’s modulus of the
second layer made of the Fe—Ni1 based alloy, and

the second layer 1s arranged on a surface opposite to a
region where the first layer and the fritted glass are
bonded at a position facing the region where the first
layer and the fritted glass are bonded.

16. The glass bonding material according to claim 1,

wherein

the Iritted glass includes a first fritted glass and a second
fritted glass,

the glass plates include a first glass plate and a second
glass plate,

the cladding material includes a first parallel part provided
in a region where the first layer and the first fritted glass
are bonded and extending approximately parallel to a
first bonding surface of the first glass plate to which the
first fritted glass 1s bonded,

a second parallel part provided 1n a region where the first
layer and the second firitted glass are bonded and
extending approximately parallel to a second bonding
surface of the second glass plate to which the second
fritted glass 1s bonded, and

an mclined portion extending 1 an inclined state with
respect to the first bonding surface and the second
bonding surface so as to connect the first parallel part
and the second parallel part.

17. A multilayer glass 1n which a plurality of glass plates
are arranged with a gap therebetween and a periphery of the
plurality of glass plates 1s bonded by a sealing part, wherein

the sealing part includes the glass bonding material
according to claim 1.
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18. The multilayer glass according to claim 17, wherein
the gap 1s lowered 1n pressure.
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